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INFLUENCE OF X-RAYS ON LIMB REGENERATION IN 
URODELE AMPHIBIANS 

By V. V. BRUNST 

University of Maryland School of Medicine 


immmciiON 

A FTER Roentgen’s discovery of x-rays, 
/% many papers were published dealing 
XiwA with their influence on the process of 
1 m different animals. Re- 

generation is a process of restoration 
of a missing organ or part. X-rays have proved to 
be a powerful and convenient method for experi¬ 
mental studies on regeneration as well as on other 
biological processes. It is possible that the general 
biological effect of x-rays on the living organism is 
based on the effect of x-rays on the mechanism of 
cell multiplication. Therefore, the investigation of 
the influence of x-rays on regeneration, in which a 
very intensive mitotic activity is observed, is par¬ 
ticularly interesting. Such studies can give the in¬ 
vestigator insight into the nature of the effect of 
x-rays, as well as knowledge of the nature of the 
regenerative process, and may enable him to solve 
certain problems, such as the source of cells for 
the regenerative blastema. 

A knowledge of the nature of the effects of x-rays 
on the living organism is clearly important not 
only for experimental biology, but also for medi¬ 
cine. The therapeutic use of x-rays for different 
neoplastic growths needs a firm theoretical basis 
instead of a purely empirical one. X-ray biology 
must provide this theoretical foundation of x-ray 
therapy. 


The most convenient vertebrates for studies on 
the effects of x-rays on regeneration are the am¬ 
phibians, inasmuch as these animals possess the 
greatest ability among vertebrates to regenerate 
lost organs. Many papers have appeared in this 
field since the publication of the excellent review 
by Curtis (1936). 

The purpose of the present review is to survey 
the basic problems in this field, as enumerated 
below; 

I. The mode of action of x-rays in inhibiting 
regeneration. 

IL The source of cells for the regenerating blas¬ 
tema. 

III. The influence of x-rays on growth and differ¬ 
entiation in the regenerative process. 

In this review some new papers, particularly 
those in Russian, which have seldom been referred 
to in the English literature of the subject, will be 
considered in relatively greater detail than better 
known publications. 

THE NORMAL PROCESS OP REGENERAHON 

Among Amphibia^ the Urodeh (newts, axo¬ 
lotls, salamanders, etc.) are able to restore limbs, 
tail, and even parts of the head following injury 
or amputation. For a short time after the amputa¬ 
tion of one of these parts, bleeding is to be ob¬ 
served. However, due to contraction of musdes 
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and constriction of blood vessels, the bleeding soon 
stops. Then the healing process begins. The initial 
epidermal healing of the wound is accomplished 
by a migration of epidermal cells or by migration 
of the epidermal layer from adjacent regions. This 
process occurs without extensive mitotic activity 
(Korschelt, 1927). The process of wound healing 
is a separate process which has nothing to do with 
regenerative ability. It occurs in animals which 
are able to regenerate missing parts as well as in 
those animals which are unable to do so. But in 
animals which possess the ability to regenerate, 
the latter can be manifested only after the com¬ 
pletion of wound healing. 

Commencement of the regeneration process de¬ 
pends not only upon the ability of the organ to 
regenerate, but also upon the presence of suitable 
conditions. Regeneration cannot begin, for ex¬ 
ample, in the absence of a freshly healed wound. 
If, immediately after the amputation of an organ, 
the wound is closed with adjacent old skin, regen¬ 
eration does not occur (Godlewski, 1928, and 
others). It is possible that the skin may be respon¬ 
sible for the suppression of limb regeneration in 
animals which do not regenerate limbs naturally, 
such as adult frogs (Rose, 1944). Larval skin is 
able to promote limb regeneration in the frog 
(Gidge and Rose, 1944). 

The process of regeneration in the Amphibia 
starts with degeneration (resorption) of the old 
cut tissues. The giant wandering cells phagocytizc 
all distal portions of the tissues, all cut and dam¬ 
aged ceils, dead blood cells, et cetera. Immediately 
thereafter, in the distal portion of the amputated 
organ, accumulated mesenchymal cells begin to 
divide rapidly. These form the rudiment of the 
new regeneration tissue—the regeneration blas¬ 
tema (Korschelt, 1927), After the formation of the 
regeneration blastema, a period of more rapid re¬ 
generation, with progressing tissue differentiation, 
is to be observed. By the end of 25 days after limb 
amputation, three digits appear on the regenerating 
limb of AmUystoim punctatum (Butler, 1933, 
1935). Usually within two months after the am¬ 
putation, the formation of a full-sized limb with 
5 digits can be observed in adult tjritons {Triton 
cristatus) and in adult axolotls (hredon mexi- 
canum) (Brunst, 1938). The regeneration is a very 
rapid morphogenetic process. The missing organ 
may be restored in one-fourth or one-fifth of the 
time rectuired for normal ontogenetic development. 


SOME GENERALIZATIONS CONCERNING THE SPECIFIC 
INFLUENCE OF X-RAYS ON THE LIVING 
ORGANISM 

Usually the reaction of organisms to x-ray treat¬ 
ment is observed only after a more or less pro¬ 
longed time. This interval between irradiation and 
the appearance of the reaction of the organism to 
the treatment is termed the latent period. Its dura¬ 
tion is influenced by many factors. One of these is 
the rate of division of the irradiated cells (Packard, 
1931). The division rates of spermatogonia arc 
high, and they begin to degenerate two liours after 
irradiation. Lymphocytes, especially in their early 
developmental stages, are likewise very sensitive. 
A few hours after irradiation, an ''explosive’' dis¬ 
integration of these cells can be observed (Heineke, 
1914; Schrek, 1945). According to Spear (1946), 
"less than 10 r of x-radiation is required to affect 
the leucocytes of the lilood, while a dose of 100,000 
r has no demonstrated effect on the isolated frog’s 
heart.” Injuries of the skin in man become ap¬ 
parent only after several clays (Packard, 1931). 
Another factor which influences the duration of the 
latent period is the intensity of the treatment. 
The greater the intensity, the sooner the reaction 
appears (Packard, 1931). But according to Schecht- 
maun and Klu})fel (1932), the reaction following 
treatment of early develo|)mental stages of frog’s 
eggs with a small dose of 20 r units, as well as 
treatment with a large dose of 72,000 r units, !)e- 
comes visible after a latent period of at least 24 
hours. However, according to docker and Langen- 
dorff (1933), when a massive dose is administered 
to the same material in a very short time (for 
example, 600,000 r in 10 minutes), the latent 
period is absent, and the reaction takes place im¬ 
mediately in all treated eggs which do not con¬ 
tinue cleavage. 

Some authors have attempted to explain the 
presence and variability of the latent period. For 
example, according to Schwarz (1926), x-rays pro¬ 
voke in treated cells the formation of new chemi¬ 
cal substances, actinoproteins, which have weak 
toxic activity. Gradually these substances trans¬ 
form themselves into more active actinoproteins 
with greater toxicity. At that time when the 
quantity of such toxic substances is sufficient to 
produce some visible changes, the latent period 
ends, and the reaction of the treated tissues be¬ 
gins. The greater the amount of treatment, the 
more, intense are these changes, and the^ shorter 
the latent period. Similar latent periods are'ob- 
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served in reactions of the organism to injections 
of tuberculin or mustard-oil (Schwarz, 1926). A 
latent period is observed also after irradiation of 
amphibian regenerates (Butler, 1933; Bmnst and 
Scheremetieva, 1933; Puckett, 1936; Bmnst, 1938). 
The duration of the latent period in the adult 
Triton cristatus varies from 15 to 30 days (Brunst, 
1938). 

At the end of the latent period, relatively acute 
and profound changes in the treated tissues can 
be observed. These alterations of the cells often 
cause a suppression of mitotic divisions and signs 
of pathological degeneration, such as the forma¬ 
tion of degenerated giant nuclei or pycnotic nuclei 
in many cells (visible injuries). All cells with high 
sensitivity to x-rays die. At this point, in many 
cases, the reaction of irradiated tissues is similar 
to an inflammation. This reaction can be termed 
the ^‘primary acute’’ reaction (Bmnst, 1944). In 
many cases the injuries to cells can be observed soon 
after irradiation (Alberti and Politzer, 1924; Canti 
and Donaldson, 1926; Cox, 1931; Fuchs and 
Politzer, 1932; Marquardt, 1938; Doljanski and 
Goidhaber, 1943; and others). After small doses, 
just sufficient to give the primary reaction, it ap¬ 
pears in a mild form only. Thus, irradiation of 
tissue cultures produces at first a suppression of 
mitoses, then a stimulation, and finally a return 
to the normal condition (Canti and Spear, 1928, 
1929). A temporary reduction of the division rates 
in Paramecium (Packard, 1931) and a temporary 
stimulation in eggs of Plamrhis (Richard, 1914) 
and Arbacia (Packard, 1916) have been observed. 
If the irradiation is strong enough, the normal 
mitotic rates are never restored in treated tissue 
cultures (Canti and Spear, 1929). As stated above, 
the process of inflammation is a very typical, 
primary, acute reaction of treated tissues to x-ray 
injury. The erythema of human skin is a well 
known example of this. In consequence of the in¬ 
flammatory process, many of the treated cells and 
even parts of tissues may disappear. However, in 
some cases the primary reaction is not observed, 
in spite of the fact that serious alterations in the 
treated organ may be detected considerably later. 
For example, in treated adult limbs of Triton 
cristatus no sign of a primary reaction appears 
(Brunst, 1944). 

Some time after the primary reaction, a stable 
state in the irradiated organs can be observed to 
last for an unlimited time. The inflammation and 
all other phenomena characteristic of the primary 


reaction disappear before the advent of this stable 
state. It may arise regardless of whether the pri¬ 
mary reaction has been acute, mild, or non-ex¬ 
istent. The surviving tissues recover their normal 
appearance but not certain of their vital potential¬ 
ities. The cells appear to have lost the capacity to 
multiply. Since it has not been possible to see such 
changes with the usual microscopic techniques, 
they have been designated ^hnvisible injuries,” 
This reaction, or stable state, has been called the 
''secondary” reaction (Brunst, 1944). 

The effect of x-ray irradiation upon the living 
organism depends not only upon the sensitivity of 
the tissues of the organism and upon the dose 
applied, but also upon the method of treatment. 
Different results may be obtained, for example, 
by using total or local irradiation, and many other 
conditions of radiation have also to be taken into 
consideration. The general effect of a total irradia¬ 
tion of the organism is frequently such a compli¬ 
cated reaction that the simple reactions of separate 
parts of the organism cannot be distinguished. 
Moreover, such a complicated generalized reaction 
often does not allow the treated organism to live 
on, so as to exhibit the reaction of the organ being 
studied. Even the size of the locally irradiated 
area influences the effects obtained. The greater 
the area treated, the greater the proportion of 
cells killed (Hercik and Klusakova, 1939). 

THE IlSTHIBITION OE REGENERATION BY X-RAYS 
A. Total body and local irradiation 

A dose of irradiation large enough to provoke a 
general effect upon the organism^ also influences 
the process of regeneration. Scheremetieva and 
Brunst (1933) have made parallel total body and 
local irradiation of tadpoles of Pelohates fuscus 
with regenerating tails. The regenerating organs 
were influenced more strongly by the total body 
irradiation than by the local, as they were in¬ 
fluenced indirectly, through the irradiation of the 
body, as well as directly. Indirect influence of this 
sort is suggested by the work of Caspary (1926), 
who believed that injury and disintegration of cells 
results in the formation of substances, termed 
necrohormones, which are carried by the blood 
stream (cf. Calo, 1932; Barnes and Furth, 1943). 
Necrohormones evidently may be postulated to 
explain the reaction of parts of the body not 
directly exposed to massive treatments (Leblond 
and Segal, 1942). However, no influence of irradi- 
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ated media on tissue cultures has been found by 
Osgood (1942) or others. Experiments have been 
made in which the entire bodies of axolotls (Sire- 
don mexicmum), with the exception of regenerating 
limb buds which were carefully protected from 
irradiation, were given a lethal dose. The legs 
regenerated normally before the animals died 
(Litschko, 1934). When the posterior halves of the 
bodies of Amblystoma punctatum larvae were ir¬ 
radiated, normal regeneration was observed in am¬ 
putated forelegs (Butler, 1934). In other experi¬ 
ments, untreated Amhlystoma legs were trans¬ 
planted onto a treated host, and after the trans¬ 
plant became established, a part of it was am¬ 
putated. Regeneration took place normally (Butler, 
1935). In all the latter cases, radiation of the body 
elsewhere failed to influence the local regeneration 
process. 

The total treatment of individuals with a re¬ 
generating part has been made by several investi¬ 
gators (Schaper, 1904; Litschko, 1930, 1932, 1934; 
Butler, 1931, 1932, 1933; Scheremetieva and 
Brunst, 1933; Crummy, 1935; Puckett, 1936; But¬ 
ler and Puckett, 1940). No clear picture, however, 
of the influence of total body irradiation on the 
regeneration process has emerged. It is particu¬ 
larly unfortunate that the amounts of treatment 
necessary for the suppression of the regeneration 
process are lethal to the organism, and therefore 
prevent long continued observations on this proc¬ 
ess. For this reason, many authors have applied 
local irradiation to regenerating body parts (Brunst 
and Scheremetieva, 1933, 1937a, b; Brunst and 
Ch6r6m6tieva, 1935a, b; Scheremetjewa and 
Brunst, 1933, 1935, 1937, 1938; Litschko, 1934; 
Butler, 1935; Umanski, 1937; Brunst, 1937a, 1938a, 
b, 1941, 1944; Butler and O^Brien, 1942). The 
localization of the treatments has been attained 
by various means. In some experiments the animal, 
except for the part to be treated, was protected 
by lead rubber (Litschko); in others, lead plates 
were used to protect the animal (Butler; Butler 
and O’Brien); yet again, the animal to be treated 
has been covered by a lead cover with a localizer 
tube (Brunst and Scheremetjewa; Scheremetjewa 
and Brunst), 

When the leg of an adult Tfiim; crisiatus is 
given 10,000 r units of x-rays through a narrow 
localizing tube, regeneration is completely inhibited 
in about 95 per cent of the individuals. Adminis- 
tratiOn of 4000 r produces, with a similar tech-^ 
mdue, a complete inhibition of regeneration in 


only 54 per cent of the animals, while in the re¬ 
mainder all possible degrees of disturbance may 
be observed. Extremely variable results are ob¬ 
tained after treatment with 1500 to 2500 r units; 
all degrees of retardation and inhibition of regen¬ 
eration are to be observed (Brunst and Schere¬ 
metjewa, 1933; Brunst, 1938). Analogous erratic 
results caused by small doses of x-rays on em¬ 
bryonic developmental processes and on the growth 
of tumors have been found by Bardeen (1909), 
Holthusen (1921), and others. Complete uniformity 
of results, such as the complete suprcssion of the 
regenerative process, is rather difficult to obtain, 
a treatment several times greater than that which 
suffices to induce the effect in 50 per cent of the 
individuals being needed. Some cells remain unin¬ 
jured even after heavy irradiation (Crowther, 
1924; Dessauer and Caspari, 1926; Dessauer, 1931; 
Packard, 1931). This is true for total body irradia¬ 
tion as well as for the irradiation of separate organs, 
eggs, or tissues. This is well illustrated by the re¬ 
sults of irradiating Ascaris eggs (Holthusen, 1921) 
and Drosophila eggs (Packard, 1931). 

A dose of S000-*6000 r units is large enough to 
suppress regeneration in the adult axolotl, Sireion 
meodcanum (Scheremetjewa and Brunst, 1935; 
XJmansky, 1937). In Eurycea bisUneaia, a dose of 
5000 r units inhibits regeneration (Butler and 
O’Brien, 1942). This does not mean, however, that 
such an amount of radiation is sufficient to sup¬ 
press regeneration in any amphibian. The sensi¬ 
tivity to radiation varies not only in widely diver¬ 
gent species but even in closely related forms. For 
example, 500 r units is absolutely lethal for a 
guinea pig, while a lethal dose for a mouse is close 
to 1200 r units (Clark, 1934; Eilinger, 1945; see 
also Henshaw, 1944). This makes it difficult to de¬ 
rive generalizations from the results obtained with 
any one animal. 

The problem arises as to how to interpret the 
inhibition of the capacity for regeneration. A 
priori, it may be considered either temporary or'a 
permanent disappearance of the capacity. This 
problem can be settled only' by observing the be¬ 
havior of Treated' animals over long periods of' 
time. One limb of each of several individuals of 
Triton cristatus was subjected to local treatment 
with variable amounts of x-rays (Brunst and 
Ch6r6m6tieva, 1936). During 5 to 6 years of ob¬ 
servation, these limbs were amputated repeatedly, 
in some animals'three,'rin others four, five, 'six, or 
seven times. In'13;cases, the regenerative capacity 
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was found to be completely destroyed, while re¬ 
generation of the untreated control limbs on the 
opposite sides of the same animals took place quite 
normally. These 13 animals had been irradiated 
with different doses of x-rays: 3 with 15,000 r; 
8 with 3750 r; 2 with only 1500 r. Figure 1 shows 
the sizes of irradiated and control regenerating 
limbs during the period of observation. Similar 


eration after heavy irradiation (15,000 or 7,000 r). 
Regeneration did not take place (Brunst, 1938). 

B. Effect on the regenerating limb of irradiation 
after amputation 

The problem of the differential sensitivity to 
radiation of cells at different stages of the mitotic 
cycle has been considered extensively. Many 
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Fig. 1. Inhibition by X-Rays of the Growth of Regenerating Limbs in Triton cristatus 
Growth cu^es of Hmb regenerates during several years. Ordinates: sizes of limbs and regenerates in mm. 
Abscissas: periods of observation. The x-ray tubes symbolize the time of irradiation of the right limbs. The 
growth curves of the irradiated limbs are shown by continuous lines, those of the control (left) limbs by dotted 
lines. The arrows show the times of amfjutations. The number beside each arrow gives the ordinal number 
of the respective amputation. In all cases, irradiation with 3750 r. (After V. V. Brunst and E. A. Ch6r6m6ti6va, 
1937). 


observations were made upon axolotls, Siredon 
mexicanuM (Brunst and Ch€r^m6tieva, 1936; 
Scheremetjewa and Brunst, 1937). 

Attempts were made by means of traumatiza¬ 
tion to stimulate irradiated limbs of Triton cristatus 
to regenerate. The distal side of each irradiated 
stump was pricked and the wound surface 
scratched by a needle (see Tokin and Gorbunova, 
1934), Such traumatization had no effect on regen- 


authors hold that dividing cells are most suscep¬ 
tible. Some of these have regarded the prophase as 
the most sensitive stage (Packard, 1916; Strange- 
ways and Hopwood, 1926; Henshaw, 1938, 1940; 
Henshaw and Cohen, 1940; Creighton, 1941; Carl¬ 
son, 1942); some, the metaphase (Holthusen, 1921; 
Whiting, 1940; Bozeman, 1943); some, the ana^ 
phase (Creighton, 1941; Sparrow, 1944); and still 
others, the telophase (Vintepiberger, 1928; Cuther, 
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1938). “Practically every stage of the cycle (mi¬ 
totic) has been regarded as the most sensitive 
phase” (Giese, 1947, p. 267). Some investigators 
have not found the dividing cells particularly 
sensitive (Love, 1934). Possibly Politzer (1930) is 
nearest the truth in thinking that the fact that 
abnormal mitoses are observed after irradiation 
does not necessarily mean that the dividing cells 
are most sensitive. The resting cells also are in¬ 
jured, but their injuries are made manifest only 
after such cells have entered division (see also 
Butler, 1932). 

This view was confirmed by studies involving a 
comparison of the influence of x-rays on regen¬ 
erating and on adult amphibian limbs. Such studies 
were made with Triton cristatm (Brunst and 
Scheremetjewa, 1933) and with the axolotl, Sire- 
don mexicanwn (Scheremetjewa and Brunst, 1935). 
In these experiments the regenerates were, at the 
time of treatment, in the regenerating bud stage 
or in the stage of finger formation. In the group of 
adult animals used for comparison, the irradiation 
of the extremities preceded their amputation. 
Suppression of the capacity of an adult limb to 
regenerate proved to require no greater amount 
of treatment than is needed to suppress the growth 
of a regenerating extremity. Yet an adult limb has 
few or no dividing cells, while a regeneration bud 
contains many cells in different stages of mitosis. 
This does not mean, however, that the adult and 
the regenerating limbs react similarly to radiation. 
Indeed, irradiation of a regenerating limb causes 
not only an arrest of regeneration but usually a 
more or less rapid decrease in size, or reduction, of 
the treated regenerate, as well 

If 5,000 to 7,000 r are administered to two- 
months-old limb regenerates in axolotls, such a 
reduction is observed in nearly every animal 
(Brunst, 1938, 1941, 1944). Following irradiation, 
regeneration continues normally for 2 to 6 weeks, 
sometimes even up to several months. After this 
latent period, regeneration stops and reduction 
begins. 

The reduction always begins in the distal end 
of the regenerate. Thus, if at the onset of reduc¬ 
tion the bud has rudiments of toes, the distal ends 
of the toes are first to show reduction in sbe. One 
of the signs of the beginning of intensive reduction 
is a change in coloration of the regenerating limb. 
The toes and adjacent portions lose their pigmenta¬ 
tion and become light and semi-translucent* This 
is causM by a change in the pigment layer (Brunst, 
1941, 1944), a characteristic biological reaction 


which has been described by numerous authors 
(Levine, 1931; Smith, 1932; Scheremetjewa and 
Brunst, 1933; Ellinger, 1940; Davison and Eiiinger, 
1942). The pigmentation is usually destroyed; but 
occasionally, on the contrary, it is intensified, an 
effect explainable by the redistribution of pigment 
cells in the skin. The epidermis of the regenerating, 
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Fig. 2. The Reduction m Size of X-Rayed and 
THE Growth of Control Regknehatinc» LiMiis in 
THE Axolotl, Sxredon Mexicanum 
(Semi-schematic drawing of actual specimens). 

A. The region of the hind limlis, 60 days after 
amputation of both limbs and three days after local 
irradiation of the right regenerate with 6000 r. 

Ai. The same region 54 days later. 

B. The region of the hind limbs, 41 days after 
ampu^tion of both limbs and 32 days after local ir¬ 
radiation of the right stump and small regenerate with 
3750 r. 

Bi. The same region 78 days later. 

C. 1. The hind limb 41 days after local irradiation 
of its regenerate with 15,000 r; 2. The same extremity 
18 days later; 3. The same extremity one year later; 
4. The same extremity one year and 5 months later. 

(After V. V. Brunst, 1938). 


and now reduced,' limb remains intact, and no 
open wound is formed. If the process of reduction 
continues unabated, then, following the disap¬ 
pearance of the toes, it continues proximally until 
complete dissolution of the regenerate has taken 
place. 

The reduction process, however, varies in in¬ 
tensity. In some cases thC' regenerating limb be¬ 
comes completely, destroyed in a few months 



X-RA VS AND LIMB REGENERA TION 


/ 


(Fig. 2A, B). Ill other cases, a slow but steady 
reduction process goes on for several years (Fig. 
2C). In the case illustrated the process continued 
for at least 2 years and 5 months, resulting in 
complete destruction of a well developed regen¬ 
eration bud with rudiments of toes (Brunst, 1938, 
1944). 

Histological examination of the limbs under¬ 
going reduction has shown that their structure 
differs widely from that of normally regenerating 
limbs, as well as from normal adult limbs. Limbs 


0.1-0.12 mm. in length (Fig. 3, A-F), ecjualling 
the entire thickness of the normal epithelial layer. 
The giant cells are amoeboid and devoid of any 
fixed shape. Each possesses a large granular nu¬ 
cleus and a nucleolus (Fig. 3C). The nucleus may 
be obscured by the presence of various inclusions 
in the cytoplasm (Fig, 31), E), Mitotic divisions 
of the giant cells have been observed (Fig. 3Ii). 
Phagocytic activity of these giant cells has been 
established by direct histological ol)scrvation (Fig. 
3F). The reduction process is clearly connected 



mm 

Fig. 3. Cells of Normal and X-Raykd Tissues in the Axolotl, Siredon mexic.vnltm 
(Drawn at the same magnification with the aid of a camera lucida). 

1-3: Normal cells of an untreated axolotl. 1, epithelial cells; 2, connective tissue cells; 3, erythrocytes. A-H: 
Giant cells of the regenerating limbs after treatment with various doses, (After V. V. Brunst, 1944). 


undergoing reduction contain large numliers of 
cells which arc striking!}^ different from the normal 
tissue constituents, and are cliaracterizcd by their 
large size, the smallest being two to three times as 
large as connective tissue cells. These “giant’’ cells 
of various shapes and sizes are shown semi- 
schematically in the figure (Fig. 3). Normal epi¬ 
thelial cells, connective tissue cells, erythrocytes, 
and a micrometer scale are given for comparison. 
The length of an erythrocyte is about 0.02 mm. 
and the normal epithelial cells about 0.02-0,03 
mm. The connective tissue cells arc even smaller. 
A majority of the giant cells are 0.04 to 0.06 mm. 
long (Fig. 3G). The largest ones measure up to 


with the jiresencc of these giant cells and with 
their destructive activity. The portions of the limb 
in which this process is going on can be definitely 
identified by their presence. Parallel with the 
accumulation of the giant cells, the irradiated 
tissues and tissue complexes disappear in the 
limbs undergoing reduction. 

The reduction of different tissues occurs as fol¬ 
lows (Brunst, 1941, 1944). The continuous sub- 
epithelial pigment layer is absent in the semi¬ 
transparent regenerating limbs undergoing reduc¬ 
tion. Giant cells are found in the tissue underlying 
the disappearing pigment layer. Usually one can 
sec scattered single pigment cells, and in some 







Fig. 4. Reduction of X-Rayed Regene:r.atino Limbs in 'I'he Axolotl, Siredon MEXicANifM 

1. Fart of a section through a regenerating limb of a control animal, showing the normal suheiJithclial pigment 
layer. E, epithelium; PL, pigment layer; BV, blood vessel; CT, connective tissue cells. X 120. 

2. Part of a section through a regenerating limb x-rayed with 6000 r and undergoing reduction, (1C, giant 
cell; other symbols as above. Note that all pigment cells have disaptieared. X 120. 

3. Part of a section through a regenerating limb x-rayed with 7000 r. Reduction of the epithelium. RE, 
ejhthelium in process of reduction; NE, normal epithelium; GC, giant cell. X 200. 

4. Part of a section through a regenerating limb x-rayed with 7000 r. Reduction of the musclCvS. GC, giant 
cells; M, muscle liber. X 450. (After V.V. Brunst, 1938, 1944). 




AND LIMB REGENERATION 


i) 



Fig. 5. Reduction of X-Rayed Regenera'IINg Limbs in the Axolotl, Siredon mkxicanum 

1. Part of a section through a regenerating limb x-rayed with 7{)()() r, uiulergoing reduction. CN, normal 
cartilage; CR, cartilage in, {irocess of reduction; GC, giant cells. X vSO. 

2. Ihirt of a section through a regenerating limb x-rayed with 6000 r. Reduction of the distal part of the 
toes. E, epithelium; CN, normal cartilage; R, cartilage in process of reduction; GC, giant cells. X 100. 

3. Part of a section through a regenerating limb x-raye<l with 7000 r, showing ])cnetration of the giant cells 
into the cartilage, which is undergoing reduction. CC, cartilage cells; S, the cartilaginous intercellular substance; 
E, empty space previously occupied by a cartilage cell; GC, giant cell; CT, connective tissue cells. X 200. 
(After V.V. Brunst, 1944). 


parts even such single cells are lacking (Fig. 4, 1 
and 2). Characteristic changes in the epithelium 
of the toes undergoing reduction can be noted. On 
the distal ends of the toes it Itecomes reduced in 


thickness, sometimes down to two layers of cells, 
whereas the normal epithelium of a regenerating 
limb has from 7 to 10 cell layers. Spaces or cracks 
form between the enlarged epithelial cells, and 
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iargc' groups of giant cells a[)pear in the siil^epi- 
thelial tissue, although only a few of them lie in 
immediate proximity to epithelial cells (Fig. 4, 3). 
This fact suggests that the e])ithelium is reduced 
because of lytic enzymes secreted by the giant 
cells. The epithelial covering gradually recedes and 
becomes reduced simultaneously with the disin¬ 
tegration of the subepithelial tissues in the region 
where |)hagocytosis is occurring, lire giant cells 
concentrate around the muscles of the limbs under¬ 
going reduction. It is prolaible that musculo-lytic 
enzymes are also secreted hy the giant cells (Fig. 
4, 4). The process of reduction of the cartilaginous 
skeleton is ])erfectly clear. The distal cartilaginous 
elements of the reducing limb look distinctly dif- 




Fig. 6. Rtcduction of REOKNcaATtw; Limus X- RxWkd 
WITH 6000 R IN THE Axolotl Siredon mexicwnum: 

Reconslruclions of skeletons. A, B, C, differing 
degrees of reduction in dillcrent individuals. Aggre¬ 
gations of giant cells are indicated by sti{.)pling. (After 
V. V. Briinst, 1944). 

ferent from the proximal elements (Fig. 5, 1). The 
number of cartilage cells in the distal elements de¬ 
creases rapidly; numerous empty cavities are evi¬ 
dent in areas once occupied by the living cells. 
Large numbers of giant cells are massed around 
the skeletal elements undergoing reduction. At 
higher magnifications giant cells can be seen at¬ 
tached to the surface of the cartilage, and. even¬ 
tually penetrating the cartilaginous substance (Fig. 
5, 2 and 3). Cartilage cells occasionally may he seen 
engulfed in the cytoplasm of the giant cells (Fig. 
3D, E and Fig. 5, 3). Thus the process of reduction 
of the cartilaginous tissue is accomplished, at 
least in part, by phagocytosis. This is probably 
combined with a lysis of the cartilage substance 
by enzymes secreted by the giant cells. The degree 
of disintegration of the skeleton of the limbs in the 


process of reduction can be judged from the r(‘eon- 
structions shown in Figs. 6 and 7, 

It is instructive to com|)are tlu' proei'ss of re¬ 
duction observed in the irradiated ri^gi'nerating 
limbs with resorption such as lakes |)lace in the 
normal develoinnent of certain ampbilnans, espe¬ 
cially that which occurs at the time of nudamor- 
phosis of aniiran tadpoles. Studies on the nsorp- 
tion of the tadpole’s tail have shown that this 
process occurs by means of phagoendosis and 
histolysis (Batallion, 1891; Duesberg, I9()t) 1907; 




A B 

Fig. 7. Norm.\l Regeneration of an Untricxtiu) 
luMB AND Reduction of an X Rayed 
Regenerating Fimb in the Axolotl 
Siredon mkxicanum 

Reconstructions of skeletons of tlie same age of 
(A) a control regenerating limb, and (B) of a limb 
x-rayed with 70(,)0 r, in the same animaJ, F, femur. 
(After V. V. Brunst, 1944). 

Aleshin, 1936; and others). It too begins distally 
and progresses proximally. Ikarge aggregations of 
macrophages (giant cells) were found by Aleshin 
(1936) in the distal end of the tail of (‘ach meta¬ 
morphosing tad])olc. A majority of t:hese macro¬ 
phages arc derived from the blood cells, and only 
a few arc mesenchymal in origin. ResoriAtion of 
the tadpole tail is a reaction not unlike that in¬ 
volved in inflammation. Indeed, the resorf)tion of 
the tail begins and progresses like a t.y|)ical in¬ 
flammation, although the end result of the firocess 
is quite different, inilammation resulting in the a{)- 
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pearance of a connective tissue scar, whereas re¬ 
sorption leads to complete disappearance of the 
tail (Aleshin, 1936). Since the resorption of the 
tadpole’s tail and the reduction of the limbs in 
x-rayed axolotls are so similar, the latter process 
also resembles inflammation, even though the 
final results of reduction and of inflammation are 
again quite different (Brunst, 1941, 1944). 

One might compare the giant cells observed in 
the reduction process in the axolotl with poly¬ 
blasts or macrophages in the sense of Mechnikov 
(see Maximov, 1906a, 1906b, 1923, 1932). These 
actively wandering connective tissue cells, which 
generally appear at the sites of inflammatory 
processes, should be expected in the irradiated 
body parts, since such a process occurs here. These 
cells migrate toward inflamed sites from the rest 
of the body. According to Maximov (1906), poly¬ 
blasts may arise from fixed macrophages which 
possess the potentiality of wandering when under 
the influence of certain stimuli. According to 
Maximov and Bloom (1942), ‘Vhen local inflam¬ 
matory stimuli act upon the fixed macrophages in 
any type of connective tissue, they are trans¬ 
formed into free inflammatory macrophages or 
polyblasts.” In the irradiated axolotl, the origin of 
the macrophages from the blood elements appears 
highly probable, but it would seem unlikely that 
any of these macrophages could arise from the 
connective tissue of the x-ray-treated regenerating 
limb. One possibility that cannot be excluded, 
however, is that some of them may come from the 
connective tissue of that part of the regenerating 
limb which was not directly x-rayed. 

Numerous observations show that giant cells 
(polyblasts or phagocytes) occur in radiated areas 
of amphibians at the time of the primary acute 
reaction to irradiation (Brunst, 1944). When the 
inflammation and other phenomena of the acute 
reaction to irradiation are over, these cells disap¬ 
pear from the irradiated tissues Phagocytosis 
following irradiation has been found in insects 
(Carothers, 1940), amphibians (Litschko, 1935; 
Brunst, see above), and mammals (Tsuzuki, 1926; 
Kosaka, 1928). The giant cells described in guinea 
pigs by Torrioli and Florentine (1935) also may 
be phagocytes. 

Reduction is not a reaction specific to regen¬ 
erating limbs. The reduction phenomenon has also 
been observed in locally irradiated developing 
limbs of the axolotl, Siredon mexicamm (Brunst, 
1938). The latent period after treatment with 5000 


to 7000 r units was found to last for 2 to 4 weeks, 
during which time the limbs continue their normal 
development. This was followed by an arrest of the 
growth of these limbs, after which a typical reduc¬ 
tion process ensued in 50 to 60 per cent of the 
individuals studied. In the axolotl the reduction 
process in the irradiated developing limbs is not 
distinguishable from an analogous process in ir¬ 
radiated regenerating extremities. Giant cells 
(polyblasts or macrophages) also are found in 
irradiated tissues of young developing organs (de¬ 
veloping limbs in Amhlystoma^ Puckett, 1936; 
developing limbs in the axolotl, Brunst, 1938; 
growing tails and other parts of young axolotls, 
Brunst, 1944a). 

Butler (1933) has studied the histology of ir¬ 
radiated regeneration buds in larval stages of 
Amblystoma functatum. After a six-day latent 
period, a process of gradual dissolution of cartilage 
begins in the irradiated regenerating limbs. In the 
control animals, a rapid differentiation of the 
skeletal elements begins at about the same time 
that dissolution starts in the irradiated animals. 
The disintegration of the cartilaginous skeleton 
proceeds in the proximal direction. The cells com¬ 
posing the core of the regeneration bud disappear, 
leaving the bud empty. In the opinion of Butler, 
based on his study of the larvae of Amhlystoma 
punctatumj the x-rays effect first of all the differ¬ 
entiation of the regeneration blastema. In the ab¬ 
sence of differentiation, which was suppressed by 
irradiation, the dedifferentiation process destroys 
the cartilaginous skeleton and other tissues. Puck¬ 
ett (1934, 1936) also observed dedifferentiation 
of all tissues after irradiation of Amblystoma larvae. 
Butler and Puckett (1940) have claimed that: 
“Excessive dedifferentiation is not a direct effect 
of radiation. The hypothesis is proposed that de¬ 
differentiation normally is checked through activ¬ 
ity of the blastema, When the blastema is inacti¬ 
vated then dedifferentiation remains unchecked 
and proceeds to great extremes’^ (p. 237). 

Obviously the process of unlimited dedifferentia¬ 
tion in larval stages of Amblystoma functatum 
and in tadpoles of Rana sylvatica after x-ray 
treatment (Butler, 1933; Puckett, 1934, 1936, 
1937; Butler and Puckett, 1940) and the reduction 
process following x-ray treatment of regenerating 
limbs in Triton cristalus and the axolotl Siredon 
mexicanum^ as well as the reduction of young 
developing organs in the axolotl, are identical 
phenomena, Puckett (1936) described ‘‘giant” cells 
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but did not ascribe to them any particular sig¬ 
nificance. He said: Cells in mitosis show especial 
peculiarities; such cells become many times larger 
than the normal and form what might be termed 
‘giant cells’. ..(p. 187). “Figure 20 shows a few 
ceils remaining, among these a large ‘giant cell/ 
in this case many times larger than the normal 
mesenchyme cell” (p. 188). 

The reduction process may thus be regarded 
as a primary acute reaction to irradiation of organs 
that consist of relatively young, undifferentiated, 
and rapidly dividing cells. Such cells are more 
sensitive to irradiation than differentiated ones, 
as Bergonie and Tribondeau pointed out as early 
as 1906. 

It should be noted that in amphibians the proc¬ 
ess of reduction may be provoked by means 
other than x-ray treatment. For example, a re¬ 
duction of regenerating limbs in Trito^t has been 
observed following destruction of their innervation 
(Schotte, 1926; Brunst, 1926). Similar results were 
obtained in larvae of Amblystoma pundatum, 
Amblystoma opacum^ and Triiurus viridescens (But¬ 
ler and Schott6, 1941; Schott6 and Butler, 1941). 

C. Effect of irrudiatim prior to amputation 
{treatment of the adult extremity) 

According to Schaper (1904) and Puckett (1936), 
the tissues of an adult organ are less sensitive 
to irradiation than the tissues of a regenerating 
structure. As other investigations have shown 
(Brunst and Scheremetjewa, 1933; Brunst and 
Ch6rem6tieva, 1935; Scheremetjewa and Brunst, 
1935; Brunst, 1938, 1944) adult organs react 
to irradiation differently from regenerating ones. 
No reduction is ever observed in irradiated adult 
organs. But i£ very large doses axe used, necrosis 
may be observed. A characteristic feature of 
x-ray induced necrosis is the injury of the integu¬ 
ment. Therefore necrosis always begins with the 
formation of open wounds. The soft tissues of the 
limb or the tail rapidly disintegrate and fall off 
piece by piece. Naked skeletal elements fail off 
gradually. Necrosis may begin in the distal as 
well as in the proximal part of the organ, and 
progresses rapidly. The entire distal part eventu¬ 
ally falls off. However, after treatment with the 
same dose of x-radiation, necrosis of adult limbs 
occurs much less frequently than does the reduc¬ 
tion of regenerating limbs. 

It is reasonable to suppose that the further the 
development of a regenerating limb has proceeded, 
the more its reaction to irradiation will be similar 


to that of an adult limb. Irradiation of regenerat¬ 
ing Triton crisiatus at different stages, i.e., with 
different numbers of toes, produced approximately 
the same results in all stages (Brunst, 1938). 
It was concluded that the transformation of a 
regenerating limb into an adult extremity takes 
place long after the formation of the complete 
number of toes. Experiments have been performed 
with Triton cristatus in which nine-months-old 
regenerating and adult limbs were treated with 
x-rays. The proportion undergoing reduction was 
much lower than in younger regenerating limbs, 
being only 25 per cent instead of 95 per cent 
(Brunst, 1938). Thus, the reaction of a nine-month- 
old regenerating limb approaches, yet docs not 
quite equal, the reaction of adult limbs. 

The amount of radiation which destroys the 
capacity of an adult limb to regenerate in triton 
or axolotl usually produces no visible changes 
in it. In many experiments, stumps of irradiated 
extremities consisting of adult tissues have per¬ 
sisted for long periods of time without showing 
any ability to regenerate (Brunst and Scheremet¬ 
jewa, 1933; Scheremetjewa and Brunst, 1935, 
1937; Brunst, 1938). One could infer that a whole 
limb could still exist although its regenerative 
capacity had been destroyed. A massive dose 
of x-rays (15,000 r, 7000 r, or 4(XX) r) was given 
to the proximal part of triton limbs. The irra¬ 
diated limbs retained their normal appearance, 
movements, and cutaneous sensitivity. No appar¬ 
ent differences between the irradiated and the 
control limbs of the same animal were perceived. 
An amputation of both legs, control and treated, 
was performed two months after irradiation. De¬ 
spite the similarity in appearance of the limbs 
before amputation, no regeneration was observed 
on the irradiated side, while tlie control limbs 
regenerated normally (Brunst and Sheremetieva, 
1937). These results show that an irradiated organ 
may remain alive despite loss of its capacity to 
regenerate. 

According to Luther (1939), in irradiated sal¬ 
amander larvae the differentiated skin ceEs are 
not injured by x-rays, but all processes of ceE 
division are completely blocked. This author has 
given much significance to the fact that cells 
which normally divide every 3 to 4 days may, 
after irradiation, continue for months without 
dividing. According to Osgood (1940), the “action 
of irradiation is to prevent the onset of mitotic 
or amitotic division and not by directly killing 
cells.^' 
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Fig. 8. Inhibition of Rkgeneration in X-Rayed Adult Limbs of Triton crirtatus 

1. Posterior limlis of triton, one year after the irradiation of the proximal portion of the right limb with 7000 r. 

2. The region of the posterior limbs in the same animal 90 days after amputation of both limbs at equal dis¬ 
tances from the liody. 

3. Part of a longitudinal section through a regenerating limb live months after ami,)utation and eight 
months after irradiation with 7000 r. FC, epithelium over stump of amputation; B, bone; C, cartilage; MT, muscle 
tissue; Cl\ connective tissue; M, muscle fillers growing into connective tissue. X 50. 

4. Another part of the same section. Muscle tissue. X 400. 

5. Part of a section through the proximal region of the right posterior limb 5 years and 64 days after ir¬ 
radiation with 3750 r, and two years after a second amputation in the same region. The first amputation was 
made after irradiation. SG, subcutaneous glands; CT, connective tissue; M, muscle tissue; B, bone. X 50. 
(After V. V. Brtinst, 1938a, 1944). 


Similar results have been obtained in a number 
of invertebrates; irradiated organisms remained 
alive for a variable period of time, although cell 
division and regeneration were suppressed (in 


Tiihularia crocea, Curtis and Ritter, 1927; in 
Planaria, Weigand, 1930; in Tubifex, Stone, 1932; 
in Lumbriculus^ Turner, 1935). Irradiated tryp¬ 
anosomes tvere found to retain their mobility 
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l)iit to lose their ability to divide (Halberstiidter, 
1914). irradiated Foloiiiiwi and Polyioma (Pro¬ 
tozoa) also retained their mobility and ability 
to grow, but no division was observed alter 
treatment (Hohveck and Lacassagne, 1931). The 
division of Panimaedum caudal urn is suppressed 
by two-thirds of the lethal dose ol x-ra^^s. 'hhe 
treated individuals continue, however, to live, 
and, furthermore, increase in size (Back, 1939). 
Irradiation docs not kill the spermatozoa of 
Arhacia. They move normally and fertilize the 
eggs. It is not until the first cleavage stage that 
it is {)ossible to observe the effects of x-ray treat¬ 
ment (Hertwig, 1911; Henshaw, 1940). The re¬ 
sults of all these experiments show that the amount 
of treatment sufficient to su[)|)ress [■)roliteration 
dift'ers considerably from the lethal dose, being 
much less (see also Belluci, 1939; Packard, 1945). 

Two possibilities arise with the passage of time. 
First, if the irradiated extremities remain alive 
for very long periods (a year or more), \X!ry 
late radiation reactions may conceivably arise. 
Second, the regeneration capacity might be re¬ 
stored, at least partly, after a certain lapse of time. 
The first possibility is {)articularly likely bi'cause 
of the paradoxical cases of <kiay(‘d naiction to 
irradiation described by Matas (1925). According 
to him, a. lethal gangrenous derma.titis in a man 
was observed four years after irradiation. 'Pin* 
following experiment was therefore performed ui,)on 
Triton cristatiLs (Brunst and Scherenietjevva, 
1937a), In several individuals the right hind limb 
was irradiated with 7000 r units. For one entire 
year no difference was to be observed in the 
appearance or function of treated and control 
limbs (Fig. 8, 1). After the amputation, regenera¬ 
tion took place normally on the control side but 
was suppressed on the irradiated side (Fig. 8, 2). 
These experiments suggest that the alterations 
caused by irradiation in, adult tissues are perma¬ 
nent. Despite the unimpaired viability of the limb, 
its regeneration capacity had been entirely de¬ 
stroyed. The altered properties of the liml) became 
manifest only after the amputation, wdien a re¬ 
generation blastema should normally ])e formed. 
After the year period (one year in triton’s life 
being equivalent to not less than four in the life 
of a person) no delayed reaction analogous to 
that described by Matas, and no restoration of 
regenerative capacity was observed, 

Flistological examination of the stumps of Triton 
cristatus made after more or less prolonged time 


intervals following irra,dial ion luis shown tha t 
after asuHiciently heavy trcntnuail tissm,' ngnaita'a,- 
tion is also suppressed (Bruiisl, 1938, 1944). As 
an exam[>le may he cited the structure of tlu‘ 
distal part of a stump of triton irradiated with 
4000 r-units of x-rays. Three months after the 
treatment, the limh was amputated, hut. no re¬ 
generation was observed. Might months aftia' tluj 
treatment another amputation at a, mon* proximal 
level wa,s made. Histologiail stiid>' of tlu' ampu¬ 
tated piece showed the |)L'Uie of tlu* first amputa¬ 
tion to l)e clea,!'!}' visihhg as tiu' distal edge* of 
severed bom* remaiiual without change and sliowcd 
no sign of regeneration of bone or earl ihiginous 
tissues (lug. 8, 3). Hu* distal surface* eif tlu* non ■ 
regenerating stump was cov'ered with a normal 
e[)ithelium, und(‘r which was a small ainoiiiit of 
connective tissue, and a, h‘w striat.eal muscle libers 
and blood vessels. The appi'arance of the tn-ait'd 
tissues does not differ from that of the* control 
animals. The strialed muscles possess typica.l (*ross 
strialions and haigitudinal libt'rs, and tlu* nuclei 
look normal (Mig. 8, 4). Mitotic figures \\v\v not 
found in any tissues, i*xc(‘pt tlu* epith(‘iium. Nu¬ 
merous normaJ mitotic figures w<‘n* obsesrsa'd in 
tlu* latU'r. However, despih* tlu* milotii' aetivily 
in the epitlu'lium, no rt'geiu'rative blasla'ina was 
form(‘(h Such irra.<liated tissues retain tlieii" nonmd 
appearance for an unlimited tinu*. for (‘xample, 
normal-looking tissiu's wen* found in an animal 
that had hicked regeneralion I'apiu'ity for fi\a* 
years and 65 days after the irra.dia.lion. No re 
generation, took jilace in this animal after two 
successive aniiiutations. 'Hk* skeleton of tlu* limb 
was shortened to the proximal epiphysis of the 
femur (Fig. 8, 5). The amputation site was covered 
with skin containing normally (k*vdoj)(*d sul)- 
cutaneous glands. No mitoses were found (Brunst, 
1938, 1944). 

Many authors have pointed out tliat no visibh* 
structural changes are scam in tlui irradiatt*d tis¬ 
sues, and that nevertheless tlui cells of these; 
ti.ssiu;s have lost the ability to divide* a.nd tlu* 
organs their ability to re‘gene*ra,ie. 'rims, a, histo¬ 
logical study of treated sei>ia of TnUfex showe‘d 
no visible alterations, although they had lost 
the ability to form neolilasts (Stone, 1932), No 
changes in somatic cells have Lieen found in pla- 
narians dying one month after irradiation. Mitotic 
figures were, however, absent; and sex cells she)we*d 
signs of degeneration (Bardeen and Baetjer, 1994). 
Within a certain range of doses of radial,ion,, 
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rat spermatozoa remain morphologicalh^ normal 
and yet are incapable of giving rise to viable 
offsp ring (Wattenwy 1, 1941). 

D. Comparison of the injiucncc of x-rays on 

the tissues of adult limbs and on the tissues 
of regeneration buds 

As has been shown above, irradiated and con¬ 
trol adult limbs do not differ materially in histo¬ 
logical structure. The lack of growth in the tissues 
of adult control limbs, indicated by exceedingly 
rare mitoses, is responsible for the fact that no 
difference was observed in the histological structure 
of untreated and irradiated limbs. It is especially 
interesting to compare the structure of a control 
regenerating bud, normally having many mitot- 
ically dividing cells, with a radiated regenerating 
bud. The irradiated buds stop growing and usually 
undergo a process of reduction, but in rare in¬ 
stances no reduction takes place. Examination 
of such nonreducing l)uds revealed the following: 
a 2 mm. long bud, preserved two months after 
a heavy treatment (15,000 r), was covered with 
a single layer of epithelium; the distal end of the 
severed bone showed a slight proliferation of 
cartilage, formed, f)resumably, during the post- 
radiatio!! latent period; the entire regeneration 
bud was tilled with loose connective tissue; pro- 
chondral tissue was lacking; and not a single 
mitosis was found (Fig. 9, 1). Another regenerating 
bud, 1.3 mm. long, i:)reserved a year after amtmta- 
tion and two years after irradiation with 3,750 r, 
was filled with loose connective tissue and a few 
muscle fibers. The bud was covered by typical 
old skin with a well developed connective tissue 
layer and subcutaneous glands (Fig. 9, 2). No 
mitoses were found (Brunst, 1938, 1944). 

Such pictures may be compared with that 
found in the normal regeneration process. For 
example, a 26-day-old regenerating bud, 3.2 mm. 
long, was covered l)y epithelium with subcutaneous 
glands in process of formation; a strand of pro- 
chondral tissue extended from the distal end 
of the cartilage to the tip of the regeneration bud; 
and many mitoses were found in the epithelium, 
prochondral tissue, cartilage, and connective tis¬ 
sue. The whole regeneration bud was in the midst 
of rapid growth (Fig. 9, 3). 

Thus the effect of x-rays on regenerating or on 
adult extremities manifests itself as a complete 
.suppression of cell division. 


THE SOURCE OF CELLS FOR THE REGENERATION 
BLASTEMA 

The following three hypotheses concerning the 
origin of the cellular constituents of the regenera¬ 
tion blastema have been suggested. First, the 
regeneration blastema is formed exclusively by 
mobile elements derived from the blood stream 
(hematogenic origin: Colucci, 1886; Fritsch, 1911). 
Second, the origin of the regeneration blastema 
is mixed, being derived from blood as well as from 
local tissue cells (histo-hematogenic origin: Flell- 
mich, 1930; Kazancev, 1934; and others). Third, 
the regeneration blastema is formed exclusively 
from local cellular elements (histogenic origin: 
Weiss, 1925; Bohmel, 1929; and others). 

Hertwig (1927) transplanted limbs of haploid 
triton larvae into diploid larvae of the same age. 
After the establishment of the transplants, am¬ 
putations were made. The regenerating bud con¬ 
sisted sometimes of diploid, sometimes of haploid, 
and sometimes of mixed cells. According to Hert¬ 
wig, formation of the regeneration lilastcma can 
take place, in cases when the local materials are 
inadecjuate, at the expense of cells derived from 
inc(.)ming wandering elements. 

Studies of the effects of x-rays on regeneration 
shed light on the problem of the. origin of the 
regeneration bla,sterna. Normal regenerating struc¬ 
tures have been oliserved during the survival 
period in individuals given a lethal dose of general 
body irradiation with x-rays, provided that the 
regenemtion bud was protected from the rays 
by leaded rubber (Litschko, 1930, 1934). It has 
already been pointed out above that the regenera¬ 
tion capacity of Triton cristatus limbs is entirely 
destroyed by local irradiation (Brunst and 
Cheremetieva, 1936). These facts argue in favor 
of a local origin of the regeneration blastema. 

The experiments which are most conclusive 
in this respect are those in which, the regeneration 
capacity was destroyed in a part of a limb and 
preserved in another part of the same limb (Brunst 
and Schcremetjewa, 1937a). The proximal part 
of a limb of Triton cristatus was irradiated with 
7000 r units, and part of the distal portion was 
then amputated. Regeneration took place in the 
part which was not directly irradiated, although 
this part received its blood and nerve supply 
through the irradiated portion. In all treated ani¬ 
mals, without exception, completely normal re¬ 
generation took place, differing in no way from the 




Fig, 9. Inhibition of GROwni of a Regenerativk 'Bui) by X-Ray Trkat'Mknt and Local Origin of 
A RegeneRx\ti;vf/Blasti5MA in Triton cRiSTATUs; Pathological IVIodifu'ations of ( 'fills 
Caused by X-Rays m a Tadfouc of Pelobates fuscus 

L Part of a section through a regenerative bu<i of triton two months and 13 days after amjiutation and one 
month and 18 days after irradiation with 15,000 r. E, epithelium; B, bone; C, cartilage; ('onneclive tissue, 
X 50. 

2. Part of a section through a regenerative bud of triton one year after a fourth amputation and two years 
after irradiation with 3750 r. Irradiation one month after first amtiutalion, E, epithelium; M.T, muscle tissue; 
CT, connective tissue; SG, subcutaneous gland. X 50. 

3. Part of a section through a normal regenerative ))ud of a triton limb 26 days after amputation. FL epithelium;, 
SG, subcutaneous gland; CT, connective tissue; C, young cartilage tissue (prechondral tissue). X 50. 

4. Region of the posterior limbs of triton four months after irradiation of the proximal part of the right 
limb with 7000 r, ventral aspect (right liml) is on the left side of the ligiire). The femur is broken and i)ro-- 
trucks through soft, necrotic tissues of the treated part. Normal regeneration (three months after amputation of 
both limbs) in the distal part. 

5. The same, two months and 10 days later. Necrosis has ceased, and the wound is covered with epithelium. 
Ventral aspect. 

6- The same, three months and 12 days later. Normal regeneration 59 days after second amputation of both 
limbs in the distal ]>arl. Ventral aspect. (After V. V. Brunst, 1938). 

7. Tail epithelium after irradiation with 3750 r in a tadpole of PelobaUs fu,scus. NE, norma! epithelium; GIC,. 
pathological (giant) epithelium. X 116. (After FI A, Scheremetjewa and V. V-Brunst, 1933). 
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situation on the control side. In consequence of 
such a large dose as 7000 r units, necrosis of the 
irradiated part of the limb was observed in a few 
of these animals. Most noteworthy was one speci¬ 
men in which the proximal part of the limb was 
so severely injured that it became necrotic, and 
the femur broke and protruded (Fig. 9, 4). Two 
months later, the necrotic process had stopped 
completely, and the wound was completely epi- 
thelized. The limb was at this time joined to the 
body only by a thin, soft stalk. Though it did 
not move, it preserved normal sensitivity. Despite 
the severe disturbance in the proximal portion, 
regeneration of the distal part took place quite 
normally (Fig, 9, 4 and 5; Fig. 10). Regeneration 



Fig. 10. Local Origin of a Regenerative Blastema 
IN Triton cristatus 

Reconstruction of the skeleton, nerve, and blood 
vessels of the irradiated limb shown in Fig. 9 (4-6), 
fixed for examination after the end of experiment. 
DF, distal epiphysis of femur; PF, proximal epiphysis 
of femur; N, nerve; BV, blood vessel. (After V. V. 
Brunst, 1938). 

occurred normally also after a second amputation 
of the distal part (Fig. 9, 6). 

The regeneration capacity in Triton cristatus 
may be destroyed by a local x-ray treatment 
simultaneously in the proximal and distal parts 
of a limb, but may nonetheless be preserved in 
a small intermediate section, in the region of the 
knee joint, that has been protected from the 
radiation (Scheremetjewa and Brunst, 1938). No 
regeneration was observed subsequently, either 
when an amputation was made in the distal 
irradiated part or in the proximal irradiated part. 
Yet completely normal regeneration was observed 
following amputation through the middle section 
(Fig. 11). 

Conversely, after irradiation of the knee-joint 
region in larvae of Eurycea bisUneata (Butler 
and O^Brien, 1942), normal regneration was ob¬ 
served in the distal and proximal parts of the 
limb, but none occurred when the amputation 



Fig. 11. Local Origin of a Regenerative Blastema 
IN Triton cristatus 

Schematic drawing of hind limb region made from 
successive photographs of the same animal. 

A. Irradiation of the proximal and distal parts of the 
right limb, the two rings showing the position of 
localizing openings during the irradiation. The hatching 
symbolizes the lead cover protecting the remainder of 
the body from the x-rays. The broken lines (1, 2, 3) 
show the positions of the three successive amputations 
of the limbs. 

B. The results of irradiation of the distal part of the 
right limb and protection of left one. 118 days after 
treatment and 100 days after the first amputation of 
both limbs in the distal portion, 

C. The results of protection of the middle part of the 
right limb and the entire left limb. 253 days after 
treatment of the proximal and distal parts of the same 
limb and 109 days after the amputation of both limbs 
in the middle portion. 

D. The results of irradiation of the proximal part 
of the right limb and protection of the left one. 379 
da 3 ^ after the treatment and 70 days after the ampu¬ 
tation of both limbs in the proximal portion. (After 

E. A. Scheremetjewa and V. V. Brunst, 1938). 

was made in the region of the knee joint (Figs« 
12,13). 
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Transplantation of a normal regeneration bud 
into an irradiated limb gives normal regeneration 
(Butler, 1935). Conversely, irradiated regeneration 
buds which failed to grow in their original location 
faded to develop in the new location as well, 
when transplanted into normal, untreated limbs 
(Brunst, 1938). 

The results of all these experiments with x-ray 
irradiation agree completely with the theory of 
regional autonomy of the regeneration process. 
According to this theory, the characteristics of 
a regenerating structure in the Amphibia do not 
depend upon the organism as a whole, but are 
determined by the properties of the part that 




Fig. 12. Local Oeigin of a BEGENEnAXivE Blastema 
IN Eurvcea bislineata 

1. Diagram of arrangement for locahaed irradi¬ 
ation. Lp, lead plate. Arrows (A) indicate level of 
first amputations. 

2. Same larva 3 weeks after radiation and first 
amputations. Arrows (B) show level of second am¬ 
putations. (After E. G. Butler and J. P. O’Brien, 1942). 


gives rise to the regenerate. The regenerative 
blastema is formed entirely from local cellular 
dements (Weiss, 1927; Vallette, 1929; Guy6not 
and Ponse, 1930; and others). 

MODE OE ACTION OE X-EAYS IN SUPPRESSING 
REGENERATION 

The fact that x-rays suppress the regenerative 
process is, then, wdl established. But the mode 
of action of this agent is still not dear. The x-ray 
injury of the treated organ is obviously a subtle 
reaction, since these injuries allow the treated 
organ to stay alive for considerable period of time. 
The irradiated limb differs obviously from the 
normal in one way only, namdy, in that it ladb 
regenerative capacity. This subtle but irreversible, 
table alteration can be inducdl by soine M 


of x-rays either on cell structure or ceil metabolism, 
or upon both. Therefore, in order to approach 
an understanding of this problem, the results 
of numerous investigations in this field have to 
be considered. Despite the great number of papers 
dealing with this problem, no complete agreement 
has been achieved until recently. 

Some investigators have regarded the nuclei 
and mitotic mechanism as most sensitive (Bergonie 
and Tribondeau, 1906; Bardeen, 1909; 0. Hertwig, 
1911; P. Hertwig, 1911; Payne, 1913; Grasnick, 
1917; Packard, 1914, 1915, 1918; Mohr, 1919; 
G. Hertwig, 1920; Alberti and Folitzer, 1924; 
Reiss, 1925;Tschassownikow, 1928; Politzer, 1930; 
Spear, 1932, 1946; Fuchs and Politzer, 1932; 




Fig, 13. Local Orgin of a Regenerative Blastema 
IN Exjrycea bislineata 

3. Larva 9 weeks after second amputations. Arrows 
(C) show level of third amputations. 

4. Same larva 4 weeks after third amputations. 
(After E. G, Butler and J, F. O’Brien, 1942). 


Mottram, 1933; Combs and Gravett, 1937; Luther, 
1939a; Wottge, 1939; Petrova, 1942; Lavedan, 
1945; Lea, 1947; and others). Others have found 
the cytoplasm to be most sensitive (Niirnberger, 
1923; Weil and Frenkel, 1926; Jansson, 1926; 
Jasvoin, 1926; and others). The sensitivity of 
mitochondria has been emphasized by Wail and 
Liberson (1926), Nadson and Rochlin (1933), 
Joyet-Lavergne (1938), and Del Buono (1940). 
When observed in vivo, the cell nucleus seems 
unaffected by x-rays, while the cytoplasm is dearly 
altered (Jansson, 1927). Profound changes in the 
nudeus soon arise, particularly at mitosis. Packard 
(1931) reached the following conclusion: *‘A1- 
though we can detect changes in one part of the 
cell before some other portion is altered, this is 
not proof that the one is more severely damaged 
ttian the other, nor can we judge the extent of 
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the injury by the appearance of the cell at any 
particular moment. One that is to all appearances 
moribund may recover, while another that looks 
normal after exposure may die later’^ (p. 256). 
The changes noticeable in the cytoplasm are 
reversible (Caspari, 1926; Packard, 1926), and 
the mitochondria and Golgi bodies broken down 
by the irradiation are reformed (Hirsch, 1931; 
Fogg and Wanen, 1937). If, however, the alterna¬ 
tions in the cytoplasm produced by very heavy 
treatment are too great, they become irreversible, 
and the cell dies (Ralston, 1939; Petrova, 1942). 
According to Henshaw (1938), Ralston (1939), 
and others, the suppression of the ability of cells 
to divide depends upon changes in the nuclei. 

In analogy with the arrest of body growth 
conditioned by the abnormal metabolism that 
is caused by pathological changes in the endocrine 
apparatus, it can be supposed that x-rays acting 
on the cell lower the metabolic rate in the treated 
organ to such an extent that no cell division, 
and consequently no growth, can take place. 

As to the influence of x-rays on metabolism 
there are the following opinions. Some authors 
have concluded that irradiation reduces the rates 
of respiration and glycolysis (Bersa, 1927; Adler, 
1930; Grabtree, 1932; Bodine and Evans, 1934; 
Evans, 1934; Joyet-Lavergne, 1938; Provenzale, 
1942; and others). Others found an increase in 
the respiration rate (Kimura, 1919; Heeren and 
Pansdorf, 1931; and others). Still other investiga¬ 
tors have considered x-ray effects on metabolism 
to be unproven (Holthusen, 1921; Boell, Ray, 
and Bodine, 1937; Goldman, 1943; and others). 
Krontowski and Lebensohn (1932) treated tissue 
cultures with radium and found that despite 
the suppression of growth in irradiated tissue 
cultures, the rate of glycolysis remained at about 
80 per cent of normal. Particularly important 
is the conclusion of Erdman (1934) that growth 
always stops before there is a drop in the metabolic 
rate. Chesley (1934) came to an analogous con¬ 
clusion. He pointed out that abnormalities in 
embryonic development appear before the decrease 
in respiratory rate. The same author showed that 
eggs of Arhacia and Chaetopterus^ the development 
of which had been arrested by x-ray treatment, 
did not show changes in respiration rate. 

Finally, some observations on pathological modi- 
ffcations of cells caused by k-ray ttoatm^t: in 
different tissues of various organisms, such , as 
^ae (Pietschmann, 1937), insects (Mohr,, 1919; 


Helwig, 1933; Bererer, 1940), amphibians 
(Scheremetjewa and Brunst, 1933; Brunst, un¬ 
published), and mammals (Maximov, 1923), show 
that the individual ceUs continue to grow in size 
despite suppression of their mitotic activity. These 
cells become quite large and frequently possess 
two or several nuclei (Fig. 4, 3 and Fig. 9, 7). 
Perhaps the binucleate cells described by many 
authors in irradiated tissues are incipient cells 
of such a kind (Afanassieva, 1936; Atabekova, 
and others). The increase in cell size may possibly 
be explained on the basis of an active metabolism 
(see also Back, 1939). According to Lavedan 
(1945), most investigators are inclined to think 
that x-rays scarcely affect metabolic processes. 
Lamarque’s opinion (1942) is that if metabolic 
changes are observed following large doses of 
x-rays, this is to be interpreted not as a direct 
effect of the rays but as a result of injuries to the 
cells. Obviously the changes that some investiga¬ 
tors have observed in the metabolic rates following 
x-ray treatments are not the primary causes of 
the other responses of the organism to irradiation* 

It appears that only one hypothesis explains 
most of the well established facts. If the dosage 
of x-rays is not high enough to kill the cells 
outright, no irreversible lethal changes are pro¬ 
duced in the cells. However, subtle irreversible 
changes are produced which result in the suppres¬ 
sion of mitosis. The mechanism of this process 
cannot be elucidated now. Its explanation will 
require a much more detailed knowledge of the 
delicacies of the structure of the living cell, as 
well as a much more profound understanding of 
the nature of the biological effects of x-rays. 

It is possible that recent investigations of the 
action of x-rays upon the nudeic acid metabolism 
of cells may be an aid in the solution of this prob¬ 
lem. It has been found that x-rays inhibit nudeic 
add metabolism. Furthermore, it is significant 
that nudeic add metabolism plays a fundamental 
role in mitotic division. This may explain the 
suppression of mitotic activity by x-ray irradialaoE 
(Mitchell, 1943; Stowell, 1945; Taylor, Greenstein, 
and Hollander, 1947; and others). 

THE INFLtrElsfCE OB' X-EAYS ON GROWTH AND 
DIEEERENTIATION DTOING REGENERATION 

One of the oldest and most important gaieraliza- 
tions in the field of x-ray biology is the law of 
Bergoni^ and Tribondeau (1906), which states 
that x-rays have the greatest effect on ceUs with 
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a high reproductive capacity and that are least 
differentiated, and thus more like the embryonic 
cell types. Thus immature sex cells are among 
the most sensitive. The literature dealing with 
x-ray effects on sex cells is enormous. Among 
the classic studies in this held are those of Ber- 
gonie and Tiibondeau (1904, 1906a, b) and others. 
The sensitivity of undifferentiated cells to x-rays 
has been pointed out by many authors (Hertwig, 


1911; Curtis and Hickman, 1926; Stone, 1932; 
Turner, 1935; Scheremetieva, 1937; Grcitc, 1940; 
Evans, 1941; and others). According to these 
authors, the sensitivity of tissue is dependent 
upon the degree of its differentiation and the 
mitotic activity of the constituent cells. Tissues 
and organs have been graduated according to 
their x-ray sensitivity by various authors as fol¬ 
lows (Table 1): 


TABLE 1 


Degrees of sensitivity of tissues to X-rays 


SIEDEia ROSENTHAL 

1922 

SCHEREMETJEWA ANO BRHNST 
1933 

CLARK 

1934 

ELLINGER 

1941 

1. Epithelium 

1. Epithelium 

1. Epithelium 

! 

! 1. Lymphoid cells 

2, Epithelial cells 

2. Connective tissue 

2. Connective tissue 

2. Blood vessels 

3. Connective tissue cells 

3. Muscles 

3. Muscles 

3. Connective tissue 

4. Muscle cells 

4. Blood vessels 

4. Nerve 

4. Muscles 

5. Bone cells 

5. Nerve 


5. Nerve 

6. Nerve cells 


The most detailed picture of the radiation 
sensitivity of various tissues and organs has been 
given by Warren (1936). According to this author 
the bone-marrow cells, intestinal crypt epithelium, 
lymphocytes, and lymphoid structures have the 
highest sensitivity. The gonadal cells, especially 
the immature forms, are only slightly more re¬ 
sistant. A moderate sensitivity characteriises the 
thymus, the stomach, colon, bladder and salivary 
epithelia, blood vessel endothelium, and connec¬ 
tive tissue cells. Next in order of sensitivity are: 
the mucosa of the mouth, esophagus, rectum, 
vagina, pleura, and skin epithelium. The muscles, 
cartilage, bone cells, and stroma cells of testes 
and ovary are somewhat more resistant to radia¬ 
tion damage. Most resistant are: red blood cells, 
adult sperm cells, adult thyroid, adult pituitary, 
adult specialized connective tissue structures, brain 
and nerve cells. The most highly differentiated 
cells which are incapable of dividing, for example, 
nerve cells, are thus most resistant. Ganglion 
cells are equally as resistant as those of the central 
and peripheral nervous system (Caspari, 1926; 
Zimmern and Chavany, 1931; Scheremetjewa and 
Brunst, 1933; Clark, 1934; Ellinger, 1941; Camp¬ 
bell, Stanley, and Novick, 1946; and others). 
On the contrary, embryonic nerve tissue is one 
of the most sensitive tb x-rays (Bagg, 1920; 
Caspari, 1926; and others)^ 

Age changes in the sensitivity of tissues have 


been indicated by many authors. 'Fhe older the 
embryo, the more resistant its tissues i)ecome 
(Winkler-Junius and Plants, 1929; Olivieri, 1921; 
Toumanoff and Veretennikoff, 1930; Moore, 1932; 
Henshaw, and Henshaw 1933; Scott, 1934; Mill wee, 
1934; Sheremetieva, 1937; and others). Daphnia 
eggs in the brood chamber are injured by very 
weak doses which have no effect on the motlu^r 
(Snider and Kersten, 1935), Irradiation of IS-hour- 
old Daphnia embryos is lethal, while 32-hour-oki 
embryos are only slightly injured by the same dose 
(Snider and Kersten, 1936). “The lethal dose for 
the freshly hatched axolotls (ISO r) is only one 
half of the lethal dose for the animals that lived 
20 days after hatching (300 r) and only one 
third of the lethal dose for the axolotls which lived 
for 30 days after hatching (450 r). The dose which 
is lethal for the freshly hatched axolotls, has no 
marked influence whatever upon the animals that 
survived for 30 days*^ (Sheremetieva, 1937, p, 162). 
Developing Drosophila eggs treated with 190 r 
units die, while the lethal dose for young larvae 
is 1300 r and for adults 100,000 r (Mavor, 1927; 
Packard, 1945). “In general, sensitivity during 
development decreases as the age of an individual 
inaeases” (Spear, 1946, p. 8). The only contra¬ 
dictory data known to the reviewer are those 
of Strangeways and Fell (1927), who state that 
6-day-old chicken are more sensitive 

■ than’'^ 25-hout' 
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Some authors believe that the law of Bergonie 
and Tribondeau is generahy valid, even though 
not applicable in some cases (Packard, 1931, 
1945). Certain exceptions, like rapidly dividing 
bacteria and yeasts, are not really contradictory 
to this law. The high resistance of microorganisms 
and of cells in tissue cultures is a well established 
fact (Polzien, 1932; Gregori, 1938; Petrova, 1940; 
Doljanski and Goldhaber, 1942; Back and Hal- 
berstaedter, 1945; and others). According to Spear 
(1946), the dose necessary to kill 50 per cent of 
the samples of organisms or to reduce their growth 
to half that of controls is as follows: 


Organism Doses in r units 

Eggs of Calliphora . 40 

Eggs of axolotl. 50 

Eggs of Drosophih . 190 

Eggs of 1,000 

Larva of Drosophila . 1,300 

Bacterium coU . 5,100 

Saccharomyces . 42,000 

Imago of Drosophila . 95,000 

Bacterium mesentericus . 200,000 

Colpidimn colpoda . 330,000 


The real nature of these exceptions is not clear 
at present, because the mechanism of x-ray effects 
in organisms is still obscure. It would appear 
that isolated cells are less sensitive than cells 
in a tissue (Schneider, 1926). Chemical substances 
which increase the sensitivity of an organism 
to irradiation have no effect in tissue cultures 
(Thomas and Chevroment, 1938). 

The overwhelming weight of evidence on the 
effects of x-rays on multicellular organisms in 
vivo favours the Bergoni6 and Tribondeau law. 
As pointed out above, the cells are less sensitive 
the older and more differentiated they are. There 
appears to be some evidence, however, that x-rays 
may exert an effect on the processes of cellular 
differentiation also (Butler, 1933, 1935; Puckett, 
1934, 1936a, b, 1937; Butler and Puckett, 1940). 
The basis of this view is that no differentiation 
processes take place after irradiation in a regener¬ 
ating bud in an amphibian larva (Butler, 1933, 
1935). Puckett (1936b) has studied the influence 
of x-rays on regeneration in the hydroid Pennaria 
tiarella, and came to the conclusion that x-rays 
suppress cellular differentiation without affecting 
cell multiplication. He found in irradiated hydroids 
large shapeless masses of cells which fail to re¬ 
generate new hydranths. It seems possible, there¬ 
fore, that weak x-ray treatments fnay permit 


cell division to continue, although these cells 
may be sufficiently injured to disturb the mor¬ 
phogenetic processes. Such disturbances in mor¬ 
phogenesis and in growth have also been noted, 
following weak treatments, in regenerating amphib¬ 
ian limbs (Brunst, 1937). On the other hand, 
some observations support the view that processes 
of differentiation are not directly affected by 
x-rays. The differentiation of organs is completed 
after irradiation of chicken embryos (Vemoni, 
1911). Likewise, no effect of irradiation on cell 
differentiation is recorded in mammalian testes 
(Hertwig, 1938). In the development ol Drosophila^ 
the resistance to irradiation is greatly increased 
at the time of gastrulation, which corresponds 
to the beginning of differentiation processes. The 
embryo at the time of differentiation is thus less 
sensitive to irradiation than during the processes 
of growth and cell division (Henshaw and 
Henshaw, 1933; Henshaw, 1935). In developing 
salamander larvae, x-rays completely suppress 
cell division but do not affect cell differentiation 
(Luther, 1939). In the x-rayed eyes of two-day- 
old rats, degeneration appears only in the un¬ 
differentiated layers of the retina (Spear, 1946). 
In the eye of the frog tadpole, where differentiation 
and proliferative activity are separated in space 
(the central parts being fully differentiated and 
functioning while proliferation still continues in 
the peripheral region), degeneration of cells was 
observed after treatment only in the peripheral 
germinative zone (Spear, 1946). From these 
experiments Spear concluded that ‘‘sensitivity to 
radiation is lost as differentiation proceeds”; and 
besides this he says, “in certain circumstances 
radiation may promote the process of differentia¬ 
tion” (p. 9). Studies of the influence of x-rays 
on the development of the axolotl show very 
dearly that x-rays do not interfere with the com¬ 
pletion of tissue and organ differentiation, and 
yet suppress cell division and growth. This results 
in the formation of very small limbs (Fig. 14), 
whose growth has been arrested while the differ¬ 
entiation of their tissues was completed (Brunst, 
1944a). 

StJMKARY 

1. Usually reaction of the organism to x-ray 
treatment is observed after a latent period. Har¬ 
ing this reaction, relatively acute and temporary 
changes in the treated tissues are observed (a 
“primary reaction”). Profound alteritions of the 
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cells, particularly those in mitotic division, often 
cause pathological degeneration (visible injuries) 
and death of all cells with high sensitivity to 
x-rays. In many cases the reaction of irradiated 
tissues is similar to inflammation. In some cases 
the primary reaction is not observed, in spite 
of the fact that much later serious alterations in 
the treated organ may be detected. Some time 
after the primary reaction has occurred, a stable 
state, which lasts for an unlimited time, arises 
in the irradiated organs. The inflammation and 



A B 


Fig. 14. The Lack oe Eeeect of X~Rav TREAmENx 
ON Dieeekenxiation op the Limb in xhe Axolotl, 

SlREDON MErCCANUM 

Reconstructions of the limb skeletons of the control 
(A) and of an irradiated animal (B) of the same age, 
at the same ma^fication. The inhibition of growth in 
the irradiated hmb is accompanied by almost perfect 
differentiation of skeleton. (After V. V. Brunst, 1944 -a). 

all other phenomena characteristic of the primary 
reaction disappear bdore the establishment of 
this state. It may arise regardless of whether the 
primary reaction was acute, mild, or absent. 
The surviving tissues rdcova: their normal ap¬ 
pearance but not aR of their potentialities (in¬ 
visible injuries). Their cells ha've lost the capacity 
to multiply, and therefore regeneration, or fur¬ 
ther growth and development are impossible. 
This reaction has been called the ^‘secondary re¬ 
actions^ 

2, Postamputation irradiation of the regenerat¬ 
ing limb causes not only an arrest of the regenera¬ 


tive process by usually induces a more or less 
rapid decrease in size, or reduction, of the treated 
regenerate. This phenomenon is due basically 
to an inflammatory process in the irradiated 
tissues. An active role in this process is played 
by giant cells (macrophages or polyblasts). These 
cells migrate to the irradiated zone, probably 
from the surrounding tissues. The tissues weakened 
by irradiation are destroyed by macrophages 
through phagocytosis and lysis. The reduction 
is a primary, acute reaction to irradiation in 
amphibian regenerates. It occurs also in developing 
limbs and tail of irradiated young amphibian 
larvae. The reduction is a reaction of young 
tissues to irradiation. 

3. Irradiation prior to amputation (treatment 
of the adult limb) causes no reduction. Adult 
organs consisting of differentiated cells do not 
show the acute reaction. The irradiated organs 
do not differ in appearance from normal ones. 
However,. these organs lose their ability to re¬ 
generate. 

4. It is possible to destroy by means of local 
x-ray treatment the regenerative ability both in 
the proximal and in the distal portions of a limb, 
while preserving the regenerative capacity in a 
small intermediate, untreated portion of the same 
limb. Transplantation of a normal regeneration 
bud into an irradiated iiml) results in normal 
regeneration. Conversely, irradiated regeneration 
buds which have failed to grow in their original 
sites, will, when transplanted into normal, un¬ 
treated limbs, fail to develop in the new location 
as well The regeneration blastema is formed 
from local cellular elements. 

5. If the dosage of x-rays is not high enough 
to kill the cells outright, no irreversible lethal 
changes are produced in them. A lethal dose for 
the cells is much greater than that which sup¬ 
presses cell division, and hence growth, regenera¬ 
tion, and development. Irradiated cells suffer in¬ 
juries, as a consequence of which they lose the 
ability to divide. But irradiated organs consisting 
of the cells which do not divide may persist 
without change for a very long time (a secondary 
stable state). 

6. The suppression of cril division does not 
affect the differentiation process. Tissue and organ 
differentiation in irradiated animals may be com¬ 
pleted despite a cessation of growth. 

This paper was written in the laboratory of 

Dr. M^ron Gordon of New York Zoological So-* 
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INTROBXJCTION 

O UR knowledge of the geographical 
k aspects of speciation is based pri- 
I marily upon the distribution of spe- 
^ cies and subspecies of terrestrial ani¬ 
mals, especially birds. 

An observer on a broad continental area is ac¬ 
customed to finding a single species occupying one 
particular ecological niche over that large area 
wherein the niche is available. Over some regions 
of the land surface the niches of a given kind are 
linearly arranged, as for instance in the narrow 
lowland strip between the mountains and the sea 
which makes up the greater part of the western 
coast of North America. In this geographical situa¬ 
tion an observer is impressed by the fact that 
representatives of a species inhabiting the entire 
linear strip have a different appearance, depending 
upon which part or small section of the strip they 
live in. 

The fox sparrows of North America illustrate 
the effect of the arrangement of habitats, in a way 
beautifully worked out by Swarth (1920). All the 
fox sparrows belong to a single species Fasserella 
iliaca. Those of eastern North America breed over 
the entire forested area of Canada, and in New¬ 
foundland and northern Alaska as well. Although 
differences can be noted between birds taken from 
the eastern and western ends of the range, they 
are minor and unworthy of nomenclatural recogni¬ 
tion. All are considered to belong to the typical 
subspecies. Fox sparrows also find the west coast 
of North America habitable and breed from the 
proximal Aleutian Islands south to the Ol 3 mapic 
Peninsula in Washingtan. Within this coastal strip 
there is considerable variation of the fox sparrows 
in coloration (from bright reddish-brown to dear 
gray), in relative lengths of feet and tail, and in 
sixe and shape of the bill. Six subspecies have been 
named from limited areas along this strip. How¬ 
ever, there is complete intergradation between five 


of these subspecies, and those areas of transition 
from one subspecies to another within a short 
space are taken as the boundaries of adjacent sub¬ 
species. There do not appear to be any physical 
barriers within these regions of transition dif¬ 
ferent from those within the range of any one 
subspecies. The fox sparrows which breed on 
Kodiak Island are different from either of the two 
subspecies on adjacent parts of the Alaskan Coast, 
from which they are, of course, isolated and con¬ 
stitute a separate subspecies insularis. 

Aside from the northwestern corner of the state 
of Washington, which is inhabited by the southern¬ 
most members of this chain, the only zones habit¬ 
able by fox sparrows in the western United States 
cover the upper slopes of mountains. These habit¬ 
able areas become smaller and more isolated to the 
southward. The subspecies with the largest ranges 
are: fulva, which breeds throughout central Oregon 
and the northeastern corner of California; marh 
posae, whose breeding colonies are scattered 
throughout the north and central parts of the 
Sierra Nevada; and schistacea^ which breeds in the 
Rockies from Alberta to Nevada and eastward 
into eastern Wyoming. The subspecies with more 
limited ranges occur to the south and the west of 
these wider-ranging subspecies: hrmcauda breeds 
in a restricted area in the Coast Range in north 
central California; and monoensis and canescens are 
each confined to limited areas on the eastern slopes 
of the Sierra Nevada, in the central part of Cali¬ 
fornia near the Nevada border. The population of 
each of these two areas has diverged just enough to 
be recognized taxonomicaUy, whereas the popula¬ 
tion of fox sparrows in several isolated mountain 
areas, exhibit insufficient moiphologkal distinc¬ 
tions and are grouped in the subspecies skpkmsl 
References to the latter two types of habitat dis¬ 
tribution, viz., the linear arrangement and the 
highly isolated types, are readily available in 
ornithological literature, Mayr (1942) has quoted 
several. One example to which I wish to direct at- 
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tention is that of the lowland birds of New Guinea, 
whose habitat is the narrow strip encircling the 
central mountains. If Lake Baikal is conceived as 
being essentially similar to a water-filled cast of 
New Guinea, then the similarity of the horizontal 
and vertical zonation of the lake’s benthic fauna 
to that of the island’s fauna is not surprising (cf. 
p. 53). 

The birds of archipelagos are classic examples of 
the second type of distribution, in which the habi¬ 
tats are widely separated. It is important that 
the essential features of distribution of the closely 
related species of an archipelago, such as the drep- 
anids of the Hawaiian Islands, be borne in mind. 
The first feature is that obviously related popula¬ 
tions on difiPerent islands may either be morpholog¬ 
ically similar or may exhibit differences compatible 
with the assignment of subspecific or specific names, 
but usually they occupy the same or similar ecolog¬ 
ical niches. This is to be expected from observations 
of isolated habitats or dusters of habitats in con¬ 
tinental areas. The group of lakes of the isolated 
Malili River of central Celebes is to the animals 
inhabiting the lakes what the islands are to the 
birds of an archipelago. The distribution patterns 
are entirely analogous. 

The more striking feature of the Hawaiian 
drepanids is the fact that populations similar in 
general structure, nesting habits, and songs never¬ 
theless exhibit profound differences in bill struc¬ 
ture and feeding habits (Perkins, 1903), Trophic 
specialization in this one group of dosely related 
birds has resulted in an array of bill structures 
which cannot be matched in any other family, or 
even in several taken together. Only among the 
dosely related species of old lakes can comparable 
phenomena be found. Three lacustrine spedes 
flocks possibly exceed the drepanids in degree of 
trophic specialization. These are the cidilid flocks 
of the African lakes, Nyasa, Tanganyika, and Vic¬ 
toria. The most astonishing of these is the Hap- 
lochramis flock of Nyasa, with over one hundred 
species, most of which are only distinguishable on 
the basis of their mouth structure and pharyngeal 
teeth (Trewavas, 1935). The acme of trophic 
specialization is attained by the two Nyasan ci- 
chlid species of whose diet consists 

solely of the small scales on the tails of certain 
other species of the same Haplochromis species 
flock (see Part II, section on Distribution and Spe- 
ciaiion m Nyasa). The diversity of feeding habits 
assodated with these structural differences has 


led some investigators to believe that a special 
kind of ecological speciation must have been in¬ 
volved. 

It is the purpose of this paper to indicate that 
there is evidence that the principles of speciation 
derived from the study of terrestrial animals apply 
to the faunas of ancient lakes as well. The cichlid 
flocks in the African lakes are an extreme but com¬ 
prehensible result of isolation and subsequent 
competition between closely related aquatic spe¬ 
cies, just as the drepanids are among birds (see 
Amadon, 1947). Although the general features of 
the evolution of lacustrine species flocks are ap¬ 
parently discernible, a tremendous amount of 
detailed information is necessary to test the valid¬ 
ity of the hypotheses advanced and to serve as 
the basis for a more complete understanding of 
these spectacular evolutionary phenomena, 

LAKE BAIKAL 

The Baikal of today 

Baikal is a long narrow lake lying with a north¬ 
east-southwest trend between 51® 43' and 55® 
46'N and 103® 44' and 109® 37'E (Fig. 1). The long 
axis of the lake, which appears slightly curved on 
the map with its concavity towards the northwest, 
measures 674 kilometers. Its width varies between 
25 and 74 km. (Fickeler, 1927). The lake occupies 
the bottom of a tectonic trough between nearly 
parallel mountain ranges which rise steeply from 
the lake shore except at the delta of the Selenga 
River. The area of the lake is 33,000 sq. km., and 
the area of the watershed is twenty times as large 
(Halbfass, 1928). This drainage is carried princi¬ 
pally by three rivers, the Upper Angara, the Bar- 
gusin, and the Selenga. The Upper Angara runs NE 
from the northern end of the lake, draining the 
extension of the trough within which the lake lies. 
The Bargusin River empties into the middle of 
the east coast after draining a trough which paral¬ 
lels the northern half of the lake. The Selenga 
River, by far the largest of the lake’s tributaries, 
drains the complex series of tectonic troughs and 
mountain ranges to the south and southwest* of 
Baikal, emptpng into the lake on the east shore 
about one-third of the way up from the southern 
end. The lower Angara, the laJtO’s sole effluent, 
breaches the otherwise uninterrupted wall of moun¬ 
tains forming the west wall of the trough near the 
southern end of the lake and runs NW, joining the 
Yenesei River, which empties into the Arctic 
■'CJcean.■: V 
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The principal irregularities in the present coast¬ 
line of Baikal are restricted to the central section 
of the lake. On the west the 75 km. long island of 
Olchon, separated at its southern end from the 
mainland by the narrow Strait of Olchon, forms 
the east bank of a long channel called the Small 
Sea. The peninsula Swajatoi-Noss, or Holy Nose, 
on the east shore encloses with its southern projec¬ 
tion Bargusin Gulf, and with its northern, Chivyr- 
kui Gulf. The Ushanii Islands lie just off the north¬ 
ern part of the Holy Nose. The only other major 
irregularity of the coastline is the Bay of Proval, 
adjacent to the Selenga delta on the northeast. 
This narrow stretch of water was formed by a sud¬ 
den submergence of the land, toward the end of 
the last century. 

Our knowledge of the bath 3 nnetry of Lake Bai¬ 
kal is based primarily upon the results of the Rus¬ 
sian Hydrographic Expedition of 1896-1902. The 
surface is 462 m. above sea level. Three bathy¬ 
metric regions are distinguishable. The southern 
basin, reaching a depth of at least 1441 meters, is 
separated from the middle basin by a ridge in the 
region of the Selenga delta. VeresSagin (reported 
by Halbfass, 1937) found a depth of 1741 m. in the 
middle basin, just off Olchon Island, proving Bai¬ 
kal the deepest lake in the world. North of the 
Ushkanii Islands the bottom is close to 800 meters 
deep throughout (Drizhenko’s (1908) map, as re¬ 
produced by Fickeler, 1927). 

A brief consideration (based largely on Fickeler) 
of the physics and chemistry of the lake water is 
necessary as a background to a study of the biota. 
The individual and total concentrations of various 
ions are within the ranges found in lakes of regions 
of external drainage. The distribution of tempera¬ 
ture and oxygen in Baikal, the deepest lake in the 
world, is of greater importance. The temperature 
of the water below 250 m. is always between 4®- 
3.2®C., decreasing as the depth, and hence the 
pressure, increases. Twice a year, in late June and 
early December, the waters above 250 m. are also 
at 4°C. These are the periods of circulation, for 
the wind can mix the water to great depths when 
the density at all depths is very nearly the same. 
The waters above 250 m. are warmer than 4®C. 
from June until December, but at their maximum 
near the end of August the surface layers of the 
open water only reach 10°-15°C. Indeed, it is only 
the upper 5-10 m. which attain these temperatures. 
Below this superficial layer the amount of summer¬ 
time warming is slight and decreases with depth. 
However, the surface temperatures in Chivykui 


and Bargusin Gulfs and the Small Sea may be as 
high as 20°C. in August, according to Dorogostai- 
sky (1922). The waters all are well oxygenated to 
the greatest depth, so that the entire bottom is 
available for exploitation by aerobic organisms. At 
1600 m. there was 6.77 cc./l. O 2 or 70% saturation 
at that temperature (Verescagin, 1927, 1936). 

In order for these deep waters to contain that 
much oxygen in the face of the continual, if slow, 
biological removal, they must be mixed with water 
which has been at the surface at times of circula¬ 
tion. Veres6agin (1936), as reported by Str^m 
(1945), is of the opinion that surface water can be 
fully circulated to a depth of 400-600 m. He fur¬ 
ther stated that partial circulation to 1000 m. is 
possible, but that the waters below this level are 
stagnant. However, it is impossible to see how 
water at 1600 m. can contain the amount of dis¬ 
solved oxygen that it does, if the partial circulation 
does not extend to that depth. 

Geological history of the Baikal hasiit 

The most recent stratigraphic studies (Presnia¬ 
kov, 1940) indicate that aU parts of the present 
basin were not formed at the same time. The south¬ 
ern basin is of Paleocene origin, at the youngest, 
and may have been in existence as far back as the 
end of the Cretaceous. This makes the maximum 
age of the lake between 50 and 75 million years (cf. 
Zeuner, 1946). The formation, or at least the deep¬ 
ening, of the rest of the present basin is associated 
with the crustal movements of the Pleistocene. The 
frequent earthquakes attest to crustal instability 
at the present time. Martinson (1940) has reported 
the results of his study of the microfossils of vari¬ 
ous lacustrine deposits encountered in the region 
adjacent to the eastern and southeastern coasts 
of the lake. Some of these beds had been exposed 
by erosion; others were sampled by deep borings. 
Analysis of the microfossils of these deposits has 
indicated that during the entire Tertiary, and pos¬ 
sibly even earlier, the land adjacent to the south 
and middle basins was forested, indicating a rela¬ 
tively moist dinate. There is evidence of two types 
of freshwater basins within this forested area. One 
t 3 ^e was the shallow, often marshy lake whose 
fauna and flora were representative of that wide 
spread in the freshwater of Circumbaikalia. The 
other was the basin, or series of basins, populated 
by forms belonging to the ancient stocks which 
characterize the biota of present day Baikal. As 
we shall see later, the small lakes and ponds now 
found on the shores of Baikal contain common 
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Siberian species, and, with a single exception, none 
of the species that are peculiar to BailcaL 

During the intervening Pleistocene, the Baikal 
Mountains flanking the lake on the west and the 
Vitim Plateau which rises above the northern 
third of the east shore developed glaciers. The 
southeast half of the Baikalian coast line was not 
approached by any glaciation, except for a tongue 
that reached from the Sayan Mountains toward the 
southern basin (Flint and Dorsey, 1945). Although 
the lake was apparently not covered by glacial ice, 
the lower temperatures undoubtedly had a pro¬ 
found effect upon its biota. Martinson (1940) found 
that many species of marine and braclcish water 
affinities which had lived in the lake during the 
earlier part of the Cenozoic are now extinct. 

It might be well to summarize a few facts which 
the reader should bear in mind while reading the 
following section on speciation. The south basin 
of the present Lake Baikal has held water con¬ 
tinuously since the early Cenozoic or end of the 
Cretaceous. The trough in which the lake lies has 
been the site of considerable crustal movement, 
so that the lake has undoubtedly passed through a 
long and complex series of configurations. The lake 
in its present form is probably deeper than it has 
ever been before. The water down to the greatest 
depth sampled is well oxygenated, so that under 
present conditions aerobic organisms are not ex¬ 
cluded from any part of the lake by a lack of 
oxygen. The effect of Pleistocene glaciation on the 
distribution of life in the lake is unknown. The 
relevance of the rest of the material presented 
should become apparent during the discussion of 
speciation. 

COMPOSITION OF THE BAIKA.LIAN FAUNA 

A scrutiny of Table 1, which summarizes our 
knowledge of the fauna of Lake Baikal, will reveal 
several unique aspects. Immediately apparent is 
the high degree of endemism and the small num¬ 
ber of groups dominated by non-endemic species. 
The protozoa, rotifers, and diatoms (the latter 
group having 310 endemic and 369 non-endemic 
species), the three chief groups represented pri¬ 
marily by non-endemic species, have many species 
which are widely distributed throughout the fresh- 
waters of the world, and are characterized by the 
ease with which they are passively dispersed. The 
non-endemic j&sh all belong to species with wide 
distributions, and undoubtedly have actively in¬ 
vaded Baikal within relatively recent times, bring¬ 
ing parasites with them. 


The absence from the faunal list of many fresh¬ 
water animals will be readily noted by anyone 
familiar with the biological communities of lakes. 
There are no amphibious vertebrates, and the 


TABLE 1 

Endemism of the Baikalian Fauna 
(Based on Table 1 of Verc§£agm, 1940) 


GROUP 

TOTAL 

NO. 

endemic 

FORMS 

TOTAL 
NO.NON- 
ENr>EMtC 
POEMS 

1»EK CENT 
OF EN¬ 
DEMISM 

Protozoa. 

80 

130 

38% 

Porifera. 

6 

1 

86% 

Coelenterata. 

0 

1 

0% 

Platyhelrainthes. 

(89) 

(7) 

93% 

Turbellaria. 

(86) 

(0) 

100% 

Rhabdocoela. 

7 

0 

100% 

Alloeocoela. 

1 

0 

100% 

Triclada. 

78 

0 

100% 

Trematoda. 

3 

3 

50% 

Cestoda. 

0 

4 

0% 

Nematodes (?)***. 

3 

2 

60% 

Annelida.' 

(59) 

(4) 

94% 

Polychaeta.. 

1 

0 

100% 

Oligochacta. 

53 

4 

93% 

Hirudinea. 

5 

0 

100% 

Rotifcra. 

6 

17 

20% 

Bryozoa.. 

1 

0 

100% 

Arthropoda. 

(377) 

(7) 

98% 

Crustacea... 

(370) 

(7) 

98% 

Copcpocia. 

(38) 

(7) 

84% 

Calanoida... 

0 

2 

0% 

Harpacticoida. 

37 

0 

100% 

Parasitic. 

1 

5 

16% 

Ostracoda... 

36 

0 

100% 

Isopoda. 

5 

0 

100% 

Amiphipoda. 

Insecta. 

291 

0 

100% 

Tricop tera. ... ’. 

7 

0 

100% 

Mollusca. 

(98) 

(1) 

99% 

Gastropoda. 

91 

1 

99% 

Pelecypoda .. 

7 

0 

100% 

Vertebrata... 

(30) 

(7) 

81% 

Fish.,.... 

29 

7 

81% 

Mammalia. 

1 

0 

100% 


* The nematodes are queried because their number 
is astonishingly low. 


Trichoptera are the only amphibious insects. Al¬ 
though no rhizopods, liydrarachnids, or dado- 
cerans are recorded from Baikal proper, species of 
these and of chironomids, all typical of that part 
of the Palaearctic, are abundant in the small lakes 
which empty into Baikal, and in the ponds and 
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swamps associated with the deltas of the larger 
rivers. 

The following section deals in more detail with 
some elements of the fauna which contribute most 
to our knowledge of the origin of the biota and its 
evolution. 

Porifera 

The sponge fauna is remarkable for the presence 
of the Lubomirskiidae, comprising the genera Bai- 
calospongia Annandale, Lubomirskia W. Dybow- 
ski, Baikalolepis Makushok (1927), and Swarts- 
chewia Makushok. The only representatives of 
this family known outside of Lake Baikal is Bai- 
calospongia dzhegetajensisj which Rezvoj (1927) 
described from Dzegetaj-Kul in the Uriankhai 
region (Tanna Tuva) to the west of the southern 
end of Baikal. Little is known about this small lake. 
Martinson (1940) found spicules in the deposits 
of an ancient Lake Ba&al which are similar to 
those of the extra-Baikalian species. The primitive 
nature of B. dzhegelajensis is also indicated by its 
resemblance to Lubomirskia. Martinson (1940) 
considers that the Lubomirskiidae, together with 
the Caspian sponges of the genus Metschnikovia 
Grimm (family Gellidae) and the genus Ochrido- 
spongia Arndt of Lake Ochrid, represent a stock 
which split off from its marine ancestors (Renieri- 
dae?) independently of the widespread freshwater 
Spongillidae. This conclusion is apparently con¬ 
firmed by the findings of Taliev (1940), whose 
serological studies indicate that Baikalospongia is 
more closely related to a Caspian sponge than to 
the Spongillidae. 

There are also spongillids of the genera Span- 
gillaj CarteriaSj and Ephydatia in Baikal. 

Twbellaria 

Although Verescagin lists 86 species of Turbel- 
laria from Baikal, this number should be considered 
only an approximation, since, 78 of these are tri- 
dads described in a superficial, highly unsatisfac¬ 
tory way by Korotneflf in 1912. 

Over half of Korotnefi’s species are assigned to 
the genus Sorocelis, which had been established by 
Gmbe in 1872 for a many-eyed tridad from Bai¬ 
kal and given the specific name nigrofasciata. Sub¬ 
sequently numerous spedes of many-eyed tridads 
from Baikal, and the rest of Asia as well, were as¬ 
signed to this genus, largely because it had never 
been properly defined. In 1930 Keiik limited the 
genus to many-eyed spedes of the family Den- 
drocoelidae, and assigned multiple-eyed Planari- 


dae to Polycelis Ehrenberg 1831. Kenk lists the 
genus Seidlia^ which Sabussow proposed in his 
1911 paper on Baikalian tridads, as a synonym of 
Polycelis Ehrenberg, so that there are species of 
both Sorocelis and Polycelis in Baikal. Kenk found 
it impossible to assign the 38 species which Korot- 
neff ascribed to Sorocelis to either genus, because 
their anatomy is unknown. Even the 19 species 
which Sabussow, usually a careful worker, called 
Sorocelis in 1911 cannot be properly placed, as he 
failed to describe the critical anatomical features. 
The status of each of the 25 species of Plamria 
which Korotnefi claims from Baikal is dubious 
for similar reasons. 

In addition to these there are about a dozen 
species of tridads in Baikal which are remarkable 
in their possession of one to many suckers. Korot- 
nefi classified these in six genera, four of his own 
creation, and believed that they constituted an 
endemic family. Until more is known of the anat¬ 
omy of these animals, their position in relation to 
other Probursalia cannot be determined. Several 
names have been given to this family. Korotneff 
first called it Cotylifera in 1908, but in 1912 sub¬ 
stituted Cotylidae. However, this is invalid, as it 
is not named after a genus in the family, and Van 
Graff while monographing the Turbellaria proposed 
the name Procotylidae after Procotylus Korotneff 
1912. To add to tlie confusion, Verescagin (1940) 
called the family Rimacephalidae. This name is 
based on Rimacephalns, which Korotneff intro¬ 
duced in 1901, on the ground that its previous 
name was occupied, for a species that Grube in 
1872 had named Dicotylus pulvinar. But this sub¬ 
stitution is unwarranted because, as Berg (1928) 
pointed out, the prior name cited is really Dicotyles 
Cuvier, and not Dicotylus. Therefore, neither Ri- 
macephalus nor Rimacephalidae is valid, and Pro¬ 
cotylidae Van Graff is the correct name for this 
ill-defined group of sucker-bearing Baikalian tri¬ 
dads. 

The genus Sorocelis^ the only well-defined one to 
which any of the Baikal tridads can be assigned, 
is primarily an Asiatic genus, although it has been 
found in New Guinea and North America (Hyman, 
1939). The American form is known to occur only 
in the ancient Ozark Mountains, living in caves 
and in springs associated with caves. 

The single Baikalian representative of the Al- 
loeocoela, Baikalarciia gula Friedmann 1926, 
readies a length of 40 mm. and is abont one-half 
as wide. This species is suffidditly distinct to be 
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separated into its own family, the Baikalarctiidae 
(Bresslau, 1933). 

Sk of the rhabdocoels belong to Baikalellia^ a 
genus erected by Nasonov in 1930 for these and 
two extra-Baikalian species. This genus is placed 
ill the family Graffillidae. The species in Lake 
Baikal are associated with littoral vegetation, hav¬ 
ing never been taken below 30 m. They undoubt¬ 
edly constitute a species flock. The position of the 
seventh Baikalian rhabdocoel has not been settled. 
Although Rubtzoff assigned it to the polycystic! 
genus Acrorhynchiis^ Nasonov (1930b) indicates 
that from the published description it cannot be 
assigned to any genus of Polycystidae. Settlement 
of its position awaits a more complete description. 

Annelida 

A sabellid polychaete Mamjunkia baicalensis 
(Nusbaum) lives in Lake Baikal (Fig. 3, 13). Spe¬ 
cies of this genus have been found in widely 
separated points in Eurasia and North America, 
inhabiting fresh and brackish waters as well as the 
littoral zone of the sea. 

Roughly half of the endemic oligochaetes are 
distributed among twelve genera of the family 
Lumbriculidae. Lamprodrilus Michaclson, prob¬ 
ably the most primitive genus of the family, has 
sixteen species- Eleven are known only from Bai¬ 
kal. Two other Baikalian species have also been 
found in old European lakes. X, pygmaeus occurs 
outside of Baikal in Lake Ochrid in Macedona, 
and X. isoporus in Lakes Ladoga and Onega in 
Russia. Three species of Lamprodrilus do not occur 
in Baikal. X. tolli has been found in northern Si¬ 
beria and on the New Siberian Islands, X. michael- 
soni is a Balkan form, and the third species, X. 
mrazekif has been discovered in Bohemia (Svetlov, 
1936). One of the smaller endemic genera, Agrio- 
drilus, deserves mention. This monotypic genus 
difiers from all other oligochaetes in the excessive 
development of mesenchymatous tissue, which 
restricts the coelom in the anterior and middle 
regions of the body. Michaelson (1926) is of the 
opinion that AgrMrilus illustrates the way in 
which the leech morphology developed from that 
characteristic of oligochaetes. 

Mollusca 

About 90 species of molluscs have been de¬ 
scribed from Lake Baikal, all but 15 of which are 
snails, both prosobranchiate and pulmonate. One 
pulmonate gmus Fhysa has a single Baikalian 


species, while LimnncAi, Blanorbis^ aini Ancylus 
have 2, 5, and 5 species, respectively. One non- 
endemic prosobranchiate genus Valmta has 7 Bai¬ 
kalian species, and another, BulmuSj is uniquely 

represented. 

Choanomphahis^ with 15 species, is the only en¬ 
demic pulmonate genus (Fig, 2, 12^ 13), while 
there are four prosobranchiate genera, Benedictia^ 
KobcUocochlca, Baicalia, and LiobaicaUa. The ar¬ 
chitecture of the shells of Bencdictia and Kobelto- 
cochka is very similar, but they can be concisely 
differentiated on the basis of the radular structure 
(Fig, 2, 1-4). The lateral and marginal plates of 
Benedictia are without teeth while those of Kohelto- 
cochlea are toothed. Furthermore, the middle plate 
in KobeUocochlea has a mesocone which is never 
found in Benedictia. Lindholrn (1926) has sepa¬ 
rated the three species of the latter genus into 
three subgenera, employing the differences in the 
middle plates. Lindholrn considered B. JragUis (the 
most typical species) most primitive because of 
the lack of marginal teeth on the middle plates. 
The degree of development of the toothed margins 
differentiates the subgenera Dalainoria and Bai- 
calocochka. The radula of Koheltocochkn with its 
strongly-toothed margins is regarded as the ter¬ 
minal mcmlier of this evolutionary scries. land- 
holm, who was the foremost recent student of the 
Baikalian molluscs, stated (1926) that the s|)ccics 
in these two genera exhibit no atllnity with any 
other living snails and must be considered to con¬ 
stitute the family Benedictiidae. Rammclmeyer 
(1940) assigned a Cretaceous snail (mdreae from 
the Vitim region to the east of Baikal, which he 
had originally described as Faludina, to Benedictia. 
If he is correct, this agrees with Lindholm^s inter¬ 
pretation that Benedictia is the more primitive. 
Until 1929 the Benedictiidae was considered to be 
restricted to Lake Baikal In that year Lindhoim 
received for identiheation five dried-up snails from 
Lake Kosogol, which lies 230 km. west of the 
southern end of Lake Baikal As these were the 
first snails from Kosogol to come before the eyes 
of a biologist, they were of considerable interest. 
Four proved to be of a local face of the widely 
distributed Limnaea (Radix) auricularia, l)ut the 
fifth was clearly a benedictiid. Although generic 
determination of such a poorly preserved specimen 
was difficult, Lindholrn concluded that it repre¬ 
sented a new species, Kobeltococklea michnoi. How 
this snail came to be in Kosogol is not ■ clear. Koso¬ 
gol drains into one of the westernmost tributaries 
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of tlie Selenga River, and it might have pene¬ 
trated from Lake Baikal into the Selenga and 
thence upstream about 1000 km. into KosogoL 
One species of fish, Thymallus arcticus haicalensis^ 
is common to the two lakes. This may also have 
entered through the Selenga. As yet the fauna of 
this river is completely unknown. 

The 32 species of Baicalia make it by far the 
largest of the endemic genera. Unlike Benedictia, 
these species have radulae of little taxonomic im¬ 
portance, whereas a satisfactory classification has 
been based on the structure of the shell. Lindholm 
recognized 11 subgenera. Representatives of six of 
these are depicted in Fig. 2, 5-id, by photographs 
taken from the beautiful lithographs which accom¬ 
panied Dybowski’s 1875 paper on the gastropods 
of Lake Baikal. The nomenclature is based upon 
that given by Lindholm (1924). A species with an 
evolute shell has been placed in the monot 3 rpic 
genus Liobaicalia (Fig. 2, 11), but it is clearly a 
member of the Baicalia species flock. 

Cretaceous shells from Transbaikalia, i.e., the 
region to the east of the lake, have been assigned 
by Rammelmeyer (1940) to Baicalia. One very 
badly preserved shell was compared with B. cili- 
ata; another resembled B.florii. Several shells pre¬ 
viously described by Reiss as Cerithium gerassi- 
mori were placed by Rammelmeyer in Baicalia. 

The exceedingly fine dentition on the radulae of 
Baicalia is unlike that of any of the families to 
which Baicalia appears similar on the basis of con- 
chological characters: Melaniidae (tropical Asia), 
Micromelaniidae (Caspian Sea), Pleuroceridae 
(American), Hydrobiidae (“Amnicolidae==Palu- 
destrinidae). Lindholm (1926) concluded that Bu-i- 
calia and Liobaicalia cannot be assigned to any 
prosobranch family and must be considered to 
constitute the family Baicaliidae. Some malacolo- 
gists have assigned these four prosobranchiate 
genera to that large family variously called Hydro¬ 
biidae, Ammicolidae, Paludestrinidae. (In 1924 
Annandale pointed out that this family of fresh¬ 
water and estuarine snails cannot be clearly sepa¬ 
rated from the marine Rissoidae on either morpho¬ 
logical ox ecological grounds.) Thiele (1928), in a 
revision of the taxonomy of this assemblage of 
freshwater snails, further subdivided them into 
the families Hydrobiidae and Micromelaniidae. He 
classified Benedictia and Koheltocochlea as a tribe 
Benedictieae of the typical subfamily of Hydro¬ 
biidae, disagreeing with Lindholm’s conclusion 
that the radulae in these two genera are widely 


different from those of certain hybxobiids. Fur¬ 
thermore, he believed that Benedictia is the more 
divergent genus, as Koheltocochlea shows the 
strongest resemblance to other hydrobiids. Baicalia 
and Liobaicalia are placed in the t 3 ^ical subfamily 
of the Micromelaniidae, because of the great simi¬ 
larity of shell and dentition. Thiele does not cite 
Lindholm’s (1926) views. 

The pelec 3 ^od genera Sphaerium and Pisidium 
have five and nine Baikalian species, respectively. 

Crustacea, Isopoda 

All of the isopods of Lake Baikal belong to the 
genus Asellus. Birstein’s recent study (1939) has 
confirmed the presence of five species. Four clearly 
belong to the subgenus Baikaloasellus, which Stam¬ 
mer erected in 1932 for the only two Baikalian 
species well characterized at the time. The fifth 
species, A. dybowskii Semenkewitsch, provision¬ 
ally placed by Stammer in Baikaloasellus, is sepa¬ 
rated by Birstein into a new subgenus Mesdasellus, 
together with cave-dwelling species from Japan 
and California. Mesoasellus and Asellus sensu 
strictu resemble each other in the possession of 
several primitive morphological features. Baika¬ 
loasellus is closer to Mesoasellus than it is to any 
of the other three subgenera. Birstein believes that 
the species of Baikaloasellus arose in the lake from 
a representative of Mesoasellus. 

Crustacea, Amphipoda 

The amphipods are the most remarkable ele¬ 
ment of the Baikalian fauna, for there are 291 
species assigned to 30 genera. Some of the struc¬ 
tural diversity to be found among these gammarids' 
is shown in Fig. 3. Only one species is non-en¬ 
demic, and only three of the genera have extra- 
Baikalian representatives. Presentation of a possi¬ 
ble mechanism by which this large number of 
species could have arisen comprises one of the main 
theses of this paper. 

An equally fascinating aspect of the problem 
presented by this group is the determination of its 
afiSnities, In 1928 three genera (Axelboeckia, Can- 
nogammarus, Mchinogammarus) were considered to 
be non-endemic in addition to the three now known 
to be so. Stebbing in 1906 grouped a Caspian am- 
phipod with two Baikalian species into a genus 
Axdhoeckia. Schellenberg (1940) believed the two 
groups unrelated and created Boeckaxelia for the 
Baikalian forms, since the type of Axelboeckia lives 
in the Caspian Sea. Sdaellenberg (1937) indicated 
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that the extra-Baikalian ampliipods classified as 
Carinogammarus had been incorrectly assigned. 
The genus is endemic to Baikal. In the same paper 
he presented evidence that the non-Baikalian spe¬ 
cies of Echinogammarus are unrelated to the Bai- 
kalian forms assigned to this genus. As the type 
species does not occur in Baikal, the use of this 
generic name for species in the lake is erroneous. 
However, as no satisfactory name has been pro¬ 
posed, this genus will be referred to as 'Echino- 
gammams’^ in this paper. 

The three apparently authentic non-endemic 
genera {Oammaracanikus, Fallasea^ and Brandtia) 
didier widely in their distribution. Gammaracanthus 
loricatus occurs in its typical form along the shores 
of the Arctic Ocean. A subspecies lacusiris has been 
found in many lakes of the Baltic region of Europe 
and in at least one of the Siberian rivers draining 
into the Arctic Ocean, the Yenesei (Pirozhnikov, 
1931), The Baikalian population is accorded sub¬ 
specific rank as G. k baicalensis, A Caspian coun¬ 
terpart is G, L caspica, Pallasea, unlike Gammara- 
cmthus, has many (at least 12) endemic species 
in Lake Baikal. Pallasea qtiadrispiiiastis occurs in 
the Baltic region, and in a small lake, Nalimje, on 
the western border of the Yenesei watershed (Pi- 
rozhnikov, 1933), Neither this species nor P. 
laem\ known from the freshwaters of Novaya 
Zemblya, occurs in Lake Baikal. Although the am- 
phipod fauna at the mouths of the large rivers 
emptying into the Arctic Ocean has been exten¬ 
sively studied, neither these nor any other species 


of Pallasea have been found (Berg, 1935). There 
is no evidence that tJiis species is of marine origin, 
Brandtia has an extra-Bailcalian distribution quite 
different from that of either of the preceding two 
genera. At least three species of Brandtia have 
been described which are restricted to Lake Bai¬ 
kal. In addition, Brandtia fasdata is not only a 
common littoral form in the lake but also occurs in 
the small ponds draining into Baikal and through¬ 
out the Yenesei System, (Gurjanova, 1929), even 
in Nalimje Lake (Pirozhnikov, 1933). In the Yene¬ 
sei delta the Brandtia population was sufficiently 
different from B. fasdata to be specifically dis¬ 
tinguished as B. fasdatoides Gurj. As Brandtia has 
not been found outside of the Yenesei System, it 
is probable that this genus arose in Baikal and 
spread to other parts of the drainage system. 

On the basis of this evidence, Pallasea appears 
to be the only one of the non-endemic genera which 
might represent one of the ancient amphipod 
stocks from which the multiplicity of Baikalian 
species arose. However, Pallasea shows less sero¬ 
logical affinity with any of the 12 large endemic 
Baikalian genera than it does with Pallasea qmd’^ 
rispinosa from Lake Ladoga. This makes it rattier 
unlikely that Pallasea is a relatively unmodified 
dcscenclent of a stock from which any endemic 
genera have differentiated, 

As the non-endemic genera do not appear to 
represent any of the original amphipod stocks, 
more tenuous evidence of the affinities of the en¬ 
demic genera must be considered. Bazikalova 


Fig, 2. Representatives of the Baikalian Fauna, Part 1 
1-4, Shell and median radiilar plate (much enlarged), of 

1, Bmed-ictia (Bmedictia) fragilis Dyb., shell height 49 mm,, 

2, BenedicHa (Dahinoria) limaeoides (Schrenck), height 3S mm., 

3, Benedlctla (Baicalocochlea) baicalensis (Gerst.), height 23 mm., 

4, KoheltocochUa mariensiana (Dyb.), height 18 mm. 

5, Baicalia (EtihaicaUa) angarensis Gerst, height 7.5 mm. 

6, Baicalia (Dybowskiola) ciliaia Dyb-, height 11 mm. 

7, Baicalm^ (Maackia) cosiaia Dyb., height 7 mm. 

8, Baicalia {Baicalia) carimta Dyb,, height 16.S mm. 

9, Baicalia (Godlewskia) turriformis Dyb,, height 16 mm. 

10, BaicaUa (Gersifeldtia) GodlmskU Dyb., height 19 mm. 

11, Liobaicalia stiedac (Dyb.), height 9 mm. 

12-13, Shell and radular plates (much enlarged), a — median plate, etc,, of 

12, Choanmphalm maacU Gerst., shell widtn 6 mm., 

13, ^ Ckoammphalus mkatoides Dyb., shell width 3 mm. 

14, Eishpia placddes (Kor.) Branch of a colony, (enlarged ca. lOX) 

15, LimnocoUus godlewsMi (Dyb.) length 190 mm. 

16, LimnocoUus megalops {Qxputz.) length 160 mm. (male) 

17, CoUocomephorus grewinghi (Dyb.) length 175 mm. (female) 

18, Comephorus baicalensis (Pallas) length 190 mm. (male) 

19, BatrachocoUus multiradiakis Berg length ISO mm. 

20, BatrachocoUus nikolshii (Berg) length 200 mm. (male) 

21, (Dyb.) length 190 mm. (male) 

(1-13 from Dybowski, 187S; 14 from Abricossoff, 1924; lS-21 from Berg, 19l(S. Retouched.) 
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(1040) is of the opinion that tlic rescniblana's 
between four endeniic Baikalian genera { Hra)idhn, 
Ilyallelopsis, Crypiuropiis, and Micniropus) and 
four endemic Cas|:)ian genera are not the result of 
convergent modifications to meet similar ecologi¬ 
cal requirements but indicate genetic alfiniUe Jf 
this interpretation is correct, there were at least 
four original stocks in the primordial Baikal. 4ki~ 
liev’s (1040) serological examinations were not fle- 
signed to test this conclusion, although they gave 
no indication of close affinity with any Ckisi)!^! 
genera. 

The number of original am[)hipod stocks in 
Baikal undoubtedly falls between 4 and 29. Cer¬ 
tainly the larger figure, the total number of genera 
at the present time, is too high. Six genera are 
moROtypic and i)roba!)ly represent divergent mem¬ 
bers of larger stocks. ln)r exami)le, Gammaracan- 
tlms insidaris is almost certainly derived from the 
HyaUdopsis stock (Bazikalova, l9vTS). Further¬ 
more, serological comparisons indicate that several 
of the large genera may have a common origin. In 
Taliev’s tests, representatives of Pallasca, 'Oicki- 
noganunarusG and AcanlJiogammanis, three of the 
largest genera., w(n-c compared to each other and 
to Bramlluiy Crypluropus, Bocckaxdia, Caruiurus, 
F(intpallui>ea, Ahyssogamviarus, Garjujcida, Brack- 
yiiropHs, Spinacanfkns^ ami Odonlogamnuinis, Fal~ 
iasea gave no i)ositive reaction with any of these 
genera, '\Eckinogamniarnd' gave a strong positive 
reaction with Ahys.sogammarii.Sj somewhat less l)ut 
still strong with Odonlogammani^. Acantliogani- 
mams had a strong serological affinity with Brach- 
yuropus, slightly less with Bocckaxelia^ Carinnriis, 
and Spinacantlius, Assuming that each of these 
groups have evolved from a single stock, the max¬ 
imum number of original populations now required 
is 18. It is of interest that not one of the four gen¬ 
era which Bazikalova considered little modified 


from the ancestral stocks showed any uiuajuivocaJ 
serological affinity with other (‘udeimh' genera,. 

Despite the wealth of bottomdiving sjH'cies, 
only one has left the bottom for the open water 
community. This si)ecies, Macrokcciopiis branickii, 
is common in the plankton. In the lakes of North 
India Camniarus (At) pidex is a common iKailhic 
form, which has hecomi' pelagic in a single lake?, 
one which lacks fish (Ueno, 1984). 

Bazikalova has studied the biaaaling [)eri()(ls of 
live gammarids, according to the Zoological Record 
but the paprn' (1941) itself was unavailalile. 

Crnslacca, Oslracoda 

These small bottonvliving crustacoans have been 
recently studied by Bronstein (198b), who finds 
that the 8b Baikalian forms known belong to three 
genera, Candona and Pscudocaiidomt (('ypridae) 
and Cylherissa (Cytheridae). 

There are eight endemic species of !\sci{dacafh 
dona in Baikal and only 8 species found elsewhere. 
One of these extra-Baikalian species is known from 
subterranean basins in Switzerland (P. zsckokki); 
the second, living in small oj/en liasins, is widely 
scattered throughout Furope but is rari'ly en¬ 
countered (P. insciilpla); the third has been found 
in Lake Windemcre (Fnghmd) and Lake Dehrid 
(Jugoslavia). It is very likely that two other cav- 
ernieolous species also l)elong to tins genus, but 
this assignment i.s not definite, as no males have 
i)een found. The Baikalian species of Psendorun- 
dona possess several characters which imlicate an 
organization not only more primitivi* than that 
of non-Baikalian species, hut also more i)rimiiive 
than is found in any other of the non-swimming 
genera of its subhimily. (Heavy shell, trapezoidal 
form, undivided penultimate joint of second an¬ 
tennae in male and lack of sexual setae thereon, 
undivided penultimate joint of sensory legs, and 


Fig. 3. R,Ei»aESKNTATrvEs op the Baik.\lian Fauna, Bart 2 

1, llyaldlopsis grisea Dor., length 23 inni. Sublittoral, Southern Province. 

2, Ilyakllopsis clamki Dor., length 11 mm. Sul>liUoral, Littoral. 

3, Boeckaxdia carpenteria ekgans (Dor.), length 35 mm. Sublittoral, Small Sea Ifi-ovitice. 

4, Boeckaxelia potanini (Dor.), length 34 mm. Su!)]iUoral, Selenga Province. 

5, Same, in dorsal view. 

6, Pallima hrandtii flmiceps Dor., length 33 mm. Sublittoral, Selenga Province. 

7, Pallasea bicornis Dor., length 43 mm. Sublittoral, Small Sea Province. 

8, Brachyuropus nassonmvi Dor., length 60 mm. Transitional, Southern, 

9, Acanthogmmnanis jlams rodionowi Dor,, length 20 mm. Sublittoral, Southern. 

10, Acantfiogammarus godlewskii brevispinis Dor., length 55 mm, Sublittoral, Selenga Province. 

11, ‘■^Echinogammarus” melanochlorus Dor., length 45 mm. Littoral. 

12, ^^Echinogamnianid' virgatus Dor,, length 94 mm. Transitional, Northern. 

13, Manajimkia baicalensis (Nusbaum), length 5 mm. chiefly Sublittoral. 

(1-3,7, 11, 12, from, Dorogostaisky, 1930; 4-6, 8-10 from Dorogosiaisky, 1922; 13 from Nusbaum, 1901. 
Retouched.) 
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absence or feeble differentiation of genital appen¬ 
dages in female.) 

The ten species of Baikaliaii Candomi occupy a 
rather isolated position with regard to many non- 
Baikalian forms, according to Bronstein. They 
possess not only several primitive characters (trap¬ 
ezoidal shape, reticular sculpture of shell, undi¬ 
vided penultimate joint of sensory legs, female 
showing feeble development of genital appen¬ 
dages), but three species also have claws on the 
first antennae, a condition unknown in any other 
member of the family Cypridae. The ostracod 
which Bronstein identified as Candona ineqidvalms 
var. baicalensis is the only Baikalian form which 
resembles a non-Baikalian species, and is pre¬ 
sumably a geographical subspecies. 

Eighteen species and subspecies of Cytkenssa 
have been described from Baikal, whereas only 
one species is known elsewhere, this occurring in 
large freshwater lakes in Eurasia and Japan. The 
latter species, C. lamstyis, is parthenogenetic, 
whereas all of the Baikal species are amphigonic, 
undoubtedly the more primitive condition. Thus 
Bronstein believes that, with the single exception 
noted above, the species group of each genus has 
developed in the lake, each represen ring the de¬ 
rivatives of ancient stock which have been long 
isolated. 

Crustacea, Copepoda 

The only species flock among the copepods is to 
be found among the bottom-living harpacticoids. 
Five closely related species of Moran a were de¬ 
scribed by Borutzky (1931), who considered that 
they constitute the subgenus Baikalomoraria, Five 
other canthocamptids also were described. The 
harpacticid Harpaciicella inopinata Sars has an 
interesting extra-Baikalian distribution which will 
be subsequently discussed. No reference to the 
remainder of the 37 harpacticoid species listed by 
Verescagin could be found. 

Among the several planktonic calanoids the 
temorid Episckura baicalensis Sars is noteworthy. 
Its ecology and distribution will receive comment 
later. 

Teleosts 

The fish fauna of Baikal presents great interest 
for the student of speciation, inasmuch as it in¬ 
cludes a group of peculiar cottoid fish in addition 
to representatives of many widespread Palaearctic 
genera. These endemic cottoids claim first atten¬ 


tion. Eighteen species have bet'n assigned lo Umi 
genera (Berg, 1928; Iddiev, 1933, 194()). I wo spe¬ 
cies clearly ])elong to the holoarctic Coitus, (kju'ri 
Dyb. and C. kcsskri Dyb. The manner of relat ing 
the other nine genera is disputed. Berg has grouped 
them into two endemic families, the ('ottoconu^- 
phoridae and Comephoridae. I'he latlc'r would 
contain a single genus Comophonis, willi its two 
pelagic species C. baicalcusis (Fig- 2, IS) aud ('. 
dyboiaskli. The question of the origin of two p('lagic 
species in the lake is of considerabh; importanei', 
but its consideration will be more appropriate iu 
a suksequent section. 1dds genus, aJlhough uii 
doubtedly related to the former group, differs 
greatly from them. This divergence in slruclurt' 
is correlated whth the j>elagic hal)il of Comephonis, 
for one species of cottocomephorid, Coitocomc' 
phoriis grewingki (Dyb.) (Fig. 2, 17), which has 
also left the bottom for the 0 {)en waters, exhiliits 
similar modifications. Berg (1940) separates this 
latter species, as the sole member of the subfanuly 
Cottocomephorini, from the six bottom-dwelling 
genera {Abyssocotlus, Coltinella, Limiiocollus, Hal 
radiocottus, Asprocotliis, Procot/its) which const i 
tutc the AI)yssocottini. Tlu' recently desei‘il)ei! 
(Taliev, 1946) Mcsocoltiis should lx* iiudndt'd in 
the latter subfamily. 

Vercscagin (1940), following Taliev, has l)elit‘\'(‘d 
that thc.se Baikal endemics, with thtt e.xet^ption of 
Coitus kcsslcri and C’. kneri, should lie, r(‘f(‘rr(!d to a 
single family. Taliev’s serological sludic's (19-I0) 
provided some evidence of relationships which a.rt! 
not accounted for in Berg’s classification, Tlie 
genera of Abyssocottini, except for Collindla and 
Mcsocoliiis, which were not examined, hill into two 
groups. Procoiiiis and Batraciwcotiiis (Fig. 2, 

21) comprise one; Linmocoltus (Fig. 2, 15, JO), As- 
procotlus, and Abyssocottus the other. Tha hick of 
serological affinity between, the two pelagic geiua-a, 
is of considerable interest, Coliocowcphorns being 
similar to the first group of bottom forms a,nd 
Comephorus to the second. 11ns cniicei)t of rthi- 
tionships based upon serological affinities nx^eived 
confirmation in a subsequent ostcological com¬ 
parison using x-ray pliotograi)hs (lliliev, 193H, 
reported in Taliev, 1946), and was furt.licr strength¬ 
ened by Taliev’s (1946) discovery of a single 
specimen of a new bottom-living Baikalia,n cottoid 
which exhibits structural similarities to lioth Pro- 
coitus and ColtocomepJwrus. A new genus Melacoilus 
was formed for this specimen. 

Turning to the non-endemic fish of Baikal, we 
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find twelve paiaearctic species represented by- 
populations which are little different from those 
found in other portions of their range. This group 
indndes Perea fluviatilis L.j Esox Imius, two cobi- 
tids, 5 cyprinids, 3 salmonids, the gadid Lota lota 
(L.), and Acipenser bari. The Baikalian popula¬ 
tions of two salmonids are sufficiently distinct to be 
called geographical subspecies, namely, Salvelinus 
alpinus erythinus (Georgi) and Coregonus autumn- 
alis migratorius (Georgi). Coregonus autumncflis 
migraiorius is serologically as well as morphologi¬ 
cally similar to Coregonus autumnalis (Pallas) from 
the Yenesei River (Taliev, 1940). ' 

Mammalia 

The Baikal seal, Phoca sibirica Gmelin, is the 
only mammal living in the lake. Recent serological 
studies (Taliev, 1940) have confirmed the relation 
of the Baikal seal to the seal of the Glacial Arctic 
Sea Phoca Uspida rather than to that of either 
Lake Ladoga or the Caspian Sea. 

Community Ecology 

The associations and the dominant organisms 
of the benthic communities of Lake Baikal are 
unique among fresh waters, and even the pelagic 
community exhibits peculiarities. Diatoms appear 
to be the most important of the planktonic pro¬ 
ducers; and copepods, especially Epischura baika- 
lensis, and the planktonic amphipod, Macrohecto- 
p'lis branickii^ are the chief primary consumers of 
the open waters. Both of these inhabit the open 
waters from the surface to an undetermined depth 
below 300 m. The latter, although it has but re¬ 
cently become pelagic, performs a marked diurnal 
vertical migration (Zachvatkin, 1932). Both spe¬ 
cies of Comephorus feed primarily upon Macrohec- 
topus (Veresdagin, 1926). Seals feed on Comephorus 
and other pelagic fish. As most of the littoral 
vascular plants are restricted to the few calm 
stretches of the coast, the dominant producers of 
the littoral benthic communities are algae, espe¬ 
cially Drapanaldia, Green algae are rare below five 
meters, although bottom diatoms are found even 
at depths of 200-300 meters. The bacteria extend 
to the greatest depths. Benthic consumers in the 
deeper waters must be ooze-browsers (cf. Linde- 
man, 1941) deriving their energy from the organic 
material falling from the open water community 
in the form of dead phytoplankton and zooplank¬ 
ton and feces. A large part of this organic material 

probably metabolized by the bacteria in the ooze 


before it is ingested by the larger consumers. The 
gammarids are clearly the dominant benthic con¬ 
sumers, but the polychaete Manajunkta baicalensis 
and molluscs may be locally important (Veresca- 
gin, 1940). The bottom-livmg cottocomphorids 
probably feed upon the above-mentioned inverte¬ 
brates, but no stomach analyses are available. 

ORIGIN- OF THE BAIKALIAN FAUNA 

It is evident from the foregoing discussion that 
the major part of the Baikalian fauna has no affin¬ 
ity with the organisms which constitute the fresh¬ 
water fauna of Eurasia at the present time. Any 
conclusions about the affinities of the Baikalian 
fauna must be based upon a consideration of the 
extra-Baikal distribution of dose relatives of cer¬ 
tain Baikalian groups. Veres6agin has interpreted 
these distribution patterns to mean that a large 
part of the fauna, including the gammarids and 
cottoids, has had its origin from the sea, as an in¬ 
troduction separate from any others which have 
given rise to the freshwater fauna elsewhere. He 
has also believed that a certain faunal element 
represents an archaic freshwater fauna preserved 
in Baikal but supplanted in most other fresh- 
waters. The most recent statement of his views 
appeared in 1940. Berg (1935) has taken exception 
to Verescagin’s hypothesis of marine origiu, and 
has cogently expressed his reasons for believing 
that the Baikalian stocks are, with the two excep¬ 
tions noted below, relicts of an ancient freshwater 
fauna. Both have agreed that two Baikal popula¬ 
tions have been derived from the sea. In our dis¬ 
cussion of the non-endemic genera of amphipods 
it was evident that Gammaracanthus is the only 
genus which also occurs in the sea. The population 
in Lake Baikal has diverged only to the extent of 
a subspecies. This indicates that it has probably 
been in the lake for a much shorter time than any 
of the other gammarid populations. The Baikal 
seal also is only subspecifically distinct from the 
typical form of the Arctic Ocean, These two ani¬ 
mals, as Berg has emphasized, are the only ones 
with dose marine affinities. There is every indica¬ 
tion that they have entered Baikal at a relatively 
recent time, probably during the marine transgres¬ 
sion associated with the glaciation of Siberia. Each 
was probably introduced from the Yenesei System. 

The distribution of the dosest relatives of the 
many Baikalian endemics indicates that they are 
the relicts of an ancient fauna once widely distrib¬ 
uted throughout the freshwaters of Eurasia. Both 
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Berg and Verescagin have concurred in this inter¬ 
pretation. These animals constitute what Veresca¬ 
gin has labelled the '‘Continental” as opposed to 
the "Marine” element. A few previously noted 
groups serve to exemplify this type of distribution. 
The copepod genus Epischura is represented in 
Baikal by a single species, E. haicalensis^ which 
also occurs in a lake on the Kamchatka peninsula. 
The only other Asiatic species {E. chankensis) lives 
in a Chinese lake. The three other species of the 
genus live in North American lakes (Garber, 1941). 
The isopod genus Mesoasellm, and Pseudocandona 
among the ostracods, are represented outside of 
Baikal only by scattered species, many living in 
caves and subterranean waters of two continents. 
The distribution of Sorocelis even in Asia is dis¬ 
continuous, and aside from Baikal, it does not 
occur in Siberia. The presence of a species in a 
cave in the Ozark Mountains of North America 
has been noted above. The oligochaetes of the 
genus Lampfodrilus are undoubtedly the most 
primitive living members of the Lumbriculidae. 
Vdvaia belongs in this group. 

Some paleontological discoveries lend strength 
to this interpretation. The most pertinent of these, 
if correct, is that Benedictiaj now restricted to 
Baikal, is common in Jurassic freshwater deposits 
of Transbaikalia (Rammelmeyer, 1940). 

A large part of the fauna is composed of stocks 
which occur in marine or brackish water, or both, 
as well as in fresh water. The significance of this 
distribution pattern is controversial. VeresCagia 
has grouped these stocks with the two populations 
of undoubted marine origin, calling them the 
‘‘Marine Element” of the Baikalian fauna. In¬ 
cluded are the cottoids, gammarids, Baicdia, Ma- 
mjunkiay Eislopia (a gymnolaematous bryozoan), 
and Ea^paciiceUa, as well as many ciliates and dia¬ 
toms which will not be discussed, since they are 
poor material for zoogeographic studies. 

The only evidence which Verescagin has cited 
(1940) to support his contention that the Baika¬ 
lian cottoids had theh origin directly from marine 
ancestors is that the postdeithmm, absent or 
mudb Induced in the Cottocomphoridae and Come- 
phoridae, is also wanting in Myow}cep}mlm niger 
Brehm, a marine species of the Far' East, 

Although Veres&gin has been of the opinion, 
backed by Bazikalova, that the Baikalian gam¬ 
marids are of marine origin, there is no longer any 
direct evidence to. :Support' 'tibat ■ view, ^ The clistribn- 
, tion of the non-endemic genera has been discussed,, 
^above. 


Verescagin has assumed that Baicalia belongs 
to the Micromelaniidae, a family which occurs 
today in brackish water along the coast of India, 
in the Caspian and Aral Seas, in the brackish water 
of the Black Sea, in the depression of Lombardy, 
and in the old lakes Issyk-Kul (Siberia) and Erh 
Hai (Yunnan). Micromelaniids occur abundantly 
as fossils in deposits around the Black and Cas¬ 
pian Seas, while fossils referred to Baicda have 
been found in Circumbaikalia and Transbaikalia in 
both Mesozoic and Tertiary deposits. VereiCagin 
(1940) has considered this to be evidence of the 
marine origin of the micromelaniids, and hence of 
Baicalia. 

Upon comparing the eight sabellids which had 
been placed in the genus Mamjunkia by 1935, 
Zenkewitsch (1935) found that three species show 
a marked morphological similarity to if. baicden- 
sis. These are M. caspica (brackish water), M. 
aestuarina^ a European brackish water species, and 
M. polaris, a marine species which Zenkewitsch 
has discovered in great abundance in parts of the 
littoral region of the Murmansk coast. The type 
species M. speciosa from North American brackish 
and fresh waters is quite distinct from the above- 
mentioned group. Zenkewitsch believed that the 
marine M. pacifica (Commander Island) and M. 
spongicola (brackish Chilka Lake, India) should be 
placed in another genus, which he named Fabrici- 
elhj but did not define. He was of the opinion that 
Mamjunkia had its origin in the freshwaters of 
Asia and has spread from there to brackish water 
and the sea. 

Whereas most of the freshwater bryozoans of 
the present day belong to the order Phyiactolae- 
mata, the other order Gymnolaemata, largely 
marine, has a representative in Lake Baikal named 
Eislopia pheoides (Fig. 1, i4). However, species of 
Eislopia also occur in various freshwaters of 
China, Indochina, and India. Eislopia and four 
other genera are known from freshwater, two being 
represented in Lake Tanganyika. 

Wesenberg-Lund (1896), Rousselet (1906), and 
Annandale (1911) have aE expressed the opinion 
that these Gymnolaemata have invaded fresh¬ 
water more recently than the Phylactolaemata, 
Two of the other genera living in freshwater are 
known to have marine representatives in the East 
Indian Ocean, namdy, Victorella and Aracknoidea 
(Harmer, 1915). However, their presence in old 
bodies of freshwater, outside of areas of marine 
transgression in the central parts of Africa and 
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Asia, raises difficulties of such magnitude that it 
seems inadvisable to accept this opinion as finaL 

The harpacticid copepod Harpacticella is an¬ 
other genus with representatives in freshwater and 
in the East Indian Ocean. Harpacticella inopinata 
Sars is Baikalian. E, paradoxa (Brehm) lives in 
Erh Hai (Brehm, 1924, 1931) and H. lacustris 
Sewell is found in the Indian coastal lake, Chilka. 

As previously mentioned, Martinson considers 
the Lubomirskiidae to have developed from the 
Renieridae independently of the Spongillidae, 
widely distributed throughout present fresh waters. 
He also has expressed the opinion that they have 
come from the sea more recently than the Spongil¬ 
lidae and therefore belong to Verescagin^s “Marine 
Element*’’ If this is correct, the presence of a 
Baicalospongia in a snaU lake in Uriankhai is diffi¬ 
cult to explain. 

Although Veresdagin has claimed that the family 
Graffillidae to which the rhabdocoel Baikalellia 
pertains is typically marine, Berg (1935) has 
shown that this is not justified by the evidence. 

Acceptance of the interpretation espoused by 
Verescagin that a large part of the Baikalian fauna 
has been derived from the sea independently of, 
and more recently than, that widely expanded in 
fresh waters necessitates the postulation of a geo¬ 
logically acceptable explanation of the introduc¬ 
tion of these marine organisms into Lake Baikal. 
As there are no marine deposits in or near the Bai¬ 
kal basin of late Mesozoic or Cenozoic age the pos¬ 
sibility of the lake’s site having been occupied by 
an arm of the sea is excluded. The explanation ad¬ 
vanced by Vere§£agin is that a small marine basin 
somewhere in the vicinity of Baikal lost its con¬ 
nection with the Cretaceous sea and began to 
freshen with the inflow of land drainage. Some of 
the marine organisms trapped in such a basin would 
be unable to tolerate the decrease in salinity. 
Others could. Some of these more tolerant stocks 
eventually became completely adapted to the 
freshwater environment. These might then spread 
into connected fresh waters. Thus would Baikal 
have received its derived marine element. Der- 
javin (1924) has expressed the belief that this is 
the manner in which the greater proportion of the 
earth’s freshwater organisms have accomplished 
the transition. 

With acceptance of Berg’s interpretation that 
the major Baikalian stocks are relicts of an ancient 
freshwater fauna, a consideration of its origin is 
unnecessary here. 


THE MODE OE EVOLUTION OE LACUSTRINE 
SPECIES ELOCKS 

Each person who has studied the taxonomy of 
one of the various species flocks in old lakes has 
concluded that the species group under considera¬ 
tion has evolved in the lake. Dorogostaisky (1923), 
studying the Baikalian fauna, and Moore (1903), 
studying those of Tanganyika and Nyasa, have 
independently expressed the opinion that intra- 
lacustrine geographical factors were involved in 
the evolution of the species flocks. However, Wol- 
tereck in 1931 advanced the hypothesis that the 
evolution of these lake swarms is entirely different 
from the geographical speciation evident in many 
terrestrial organisms. The essence of his hypothesis 
is that a population in an old lake might suddenly 
split into many subpopulations each adapted to a 
different ecological niche. He adduced no critical 
evidence in support of this hypothesis. Although 
some freshwater biologists have exhibited a tend¬ 
ency to accept this hypothesis, Mayr has so ably 
criticized this and other hypotheses of ecological 
speciation (1942, 1947) that no more need be said 
here. However, Mayr considered that, since Wol- 
tereck’s hypothesis was invalid, species flocks could 
not evolve within a lake. This led him to postulate 
that these lacustrine species flocks originated 
through multiple introductions of closely related 
species. This might be accomplished in two ways. 
The first would be by a series of introductions of 
related populations from the various waters with 
which an ancient lake might have been continuous 
during the course of its long history. The second 
would be by the merger of a series of related popu¬ 
lations which had hitherto enjoyed spatial isolation 
long enough for the development of specific dis¬ 
tinctions. 

It is now our task to examine this h 3 rpothesis of 
multiple colonization in the light of the extensive 
data which have been gathered concerning the 
species flocks in Baikal, as well as the suggestion 
that intra-lacustrine geographical factors are in¬ 
volved in species flock formation. Let us first con¬ 
sider the second type of multiple introduction. 
According to this, the species flocks of Baikal arose 
by amalgamation of a series of lakes each of which 
contained a number of endemic species. By this 
fusion these endemics were thrown together, form¬ 
ing species flocks. There is no direct evidence about 
the antecedent watets from which Baikal received 
its fauna. If Vere§dagin’s interpretation is correct, 
the possibility that there were two lakes must be 
considered, because the marine stocks may have 
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been in one while the ancient freshwater stocks 
were in the other. If this was so, it is obvious that 
not even species pairs would be formed as it is un¬ 
likely that the same genera would be represented 
in each body of water. Berg’s interpretation does 
not require more than one body of freshwater. 
Yet, to explain the origin of the largest species 
flock, that of ''EchinogammamsU it must be as¬ 
sumed that there were at least 24 separate basins 
each of which had been isolated sufficiently long 
for its ''EchmogammaruF^ population to have 
become specifically distinct. This is highly im¬ 
probable. 

The other type of multiple colonization re¬ 
quires that there have been a series of invasions 
of closely related species from adjacent waters 
during the history of Baikal. Invasions would be 
possible either by capture of the lake by different 
river systems or by the coalescence or connection 
of the larger lake with adjacent ponds and small 
lakes. The former seems a priori the more likely, 
since the cool waters of a large lake such as Baikal 
are more easily invaded by species adapted to life 
in rivers and streams than to life in small ponds, 
wherein the temperature is apt to be much higher 
during a part of the year. 

There is direct evidence to indicate that con¬ 
tinuity of Lake Baikal with waters supporting a 
different fauna has not been followed by an inter¬ 
penetration of the two faunal groups. At the 
present time several lakes along the coast of 
Baikal drain directly into the larger lake through 
short rivers. The biota of these lakes is the same 
as that widely distributed in Siberian freshwaters. 
Furthermore, the biota of several shallow lagoons 
broadly connected with the open waters of Baikal 
itself is dominantly Siberian and not Baikalian. 
This is understandable when it is appreciated that 
each fauna is adapted to its own environment, and 
that invaders of the foreign environment must 
compete with their well-adapted ecological equiva¬ 
lents. The Siberian fauna, with a few exceptions, 
has not been able to compete successfully under 
the peculiar conditions to which the Baikalian 
fauna is so well adapted. The greater part of the 
Baikalian fauna adapted to cool waters has not 
been able to compete successfully along those 
small reaches of its shore characterized by high 
summer temperatures with the Siberian fauna 
adapted to a greater temperature fluctuation. The 
only Baikalian species which have been notably 
successful in competition with their Siberian 
equivalents are a few gammaiids adapted to the 


littoral zone of the lake. In the very shallow waters 
fringing one of the large bays of Baikal, the Small 
Sea, the biota is dominantly Siberian; but one of 
the ubiquitous Siberian elements, Gammarm (Ridu- 
logammarus) pulex, is missing. Its place is taken 
by several Baikalian gammarids, of which one is 
Brandtia fasciata. Furthermore, Brafidlia fasciaia 
has been able to invade the shallow lagoons and 
lakes opening into Baikal and even to spread into 
the Yenesei River System. The most reasonable 
explanation is that some of the numerous Baikal¬ 
ian species have become adapted to the same en¬ 
vironment as Gammarus pulex and can successfully 
compete with it on its home territory. 

The Baikalian fauna has been able to withstand 
invasion from adjacent waters for the greater part 
of its history. Martinson has found that through¬ 
out the Cenozoic there were smaller lakes near 
the Baikal basin, but these were always populated 
by widely distributed contemporary species of 
which there is no trace in Baikal. 

Leaving the possibility of invasion from adja¬ 
cent ponds and lakes, let us now consider the 
alternative, that of the capture of the drainage of 
Baikal by different major river systems, with con¬ 
sequent possibility of multiple introductions. There 
is no evidence that Baikal has even l)een a part of 
any system other than the Yenesei. Ilie present 
outlet, the lower Angara River, flows from the 
southern basin, which is claimed to l)e older than 
other parts of the lake, a view which makes it 
probable that this is the original outlet. However, 
it is possible that the Angara once drained into 
the Lena, which at present has headwaters not far 
to the north, and that the Angara has subsequently 
been captured by the Yenesei. It is also possible 
that Baikal might have drained NE, through a 
reversal of flow in the upper Angara, into the 
Vitim, a tributary of the Lena. Should these or any 
other connections with the Lena have occurred, 
they do not provide an explanation of the large 
species flocks. 

It is of interest to note here that all evidence in¬ 
dicates that the Angara-Yenesei River system 
which drains Baikal has supplied only one gamma- 
rid to the lake, while it has been invaded by 
numerous species which have almost certainly 
evolved in the lake. Its gammarids, tridads, mol¬ 
luscs, sponges, and bryozoans are aH similar to 
Baikalian stocks. Among the gammarids (Dorogo- 
staisky, 1916) and snails (Lindholm, 1912) living in 
the Lower Angara near Irkutsk the usual Siberian 
spedes are known to be wanting. Although many 



SPECIATION IN ANCIENT LAKES 


47 


of its organisms are similar enough to be placed in 
the same species as the lacustrine forms, five An¬ 
gara gammarid populations are considered sub¬ 
species, one {Hetergammams brachyurus) is spe¬ 
cifically different, and one species has been placed 
in the fluvial genus Fluviogammams, This Baika- 
lian element was known, prior to 1923, as far as 
200 km. down the Angara. Although a complete 
faunal study of the drainage system has not been 
published, the malacostracan fauna of the Yenesei 
Elver is known. Gurjanova (1929) found that three 
endemic species of amphipods which are common 
in the shallow waters of Baikal, namely, ‘^Echino- 
gammams^^ viridiSj Brandtia fasciataj and Micni- 
ropus wahlij can be found in the Yenesei system. 
Pirozhnikov (1931), in another examination of the 
gammarid fauna, did not find either of the last 
two species, although Micmropus vortex and M. 
glaber were present at the station sampled. “ET 
viridis was the only Baikaiian species which Pi¬ 
rozhnikov found in the Yenesei River above the 
entrance of the Angara, although Gurjanova found 
B, fasciata both above and below. All of the gam- 
marids found in the Yenesei are also found among 
the 27 species and subspecies that inhabit the up¬ 
stream portion of the Lower Angara. The long nar¬ 
row Yenesei Gulf of the Arctic Ocean is greatly 
freshened by the river, but the Baikaiian species 
have been unable to colonize those waters, where 
nine species of euryhaline marine malacostracans 
are abundant. In the river delta at the head of the 
gulf elements of the two faunas meet. Ponioporeia 
affinis and possibly Mesidothea entomon are the 
only gulf species which have been able to invade 
these waters. Only one amphipod of Baikaiian 
origin has succeeded in establishing itself here, and 
has diverged from the parent species Brandtia fas¬ 
ciata sufficiently to be differentiated as Brandtia 
fasciatoides. 

The length of time during which the fauna of the 
Yenesei has been influenced by the Baikaiian ele¬ 
ment is, of course, undetermined. At the time of 
maximum Pleistocene glaciation, the Angara and 
the upper part of the Yenesei System were in un¬ 
glaciated territory, and the latest advance did not 
reach even the mouth of the Yenesei. Whether the 
Baikaiian species invaded the river before, during, 
or subsequent to periods of glaciation is a problem 
which cannot as yet be answered, although a recent 
date is more probable. 

We may therefore conclude that none of the pos¬ 
sibilities of multiple colonization, whether singly 
or in combination, can account for the origin of 


the species flocks in BaikaL As the hypotheses of 
multiple colonization are untenable as an explana¬ 
tion of the evolution of the species flocks of Baikal, 
it is necessary to examine thoroughly the possibil¬ 
ity of geographical speciation within the lake. 

The distribution of bottom-living forms might 
be affected by geographical barriers within a single 
basin. The large species flocks in Baikal, the turbel- 
larians, molluscs, cottocomephorids, and amphi¬ 
pods are all bottom-living animals. Their activities 
are as closely confined to the substratum as those 
of terrestrial animals are to theirs. Only a single 
species of gammarid, Macrohectopus branickiij has 
left the bottom community. Unlike the African 
rift lakes, where the bottom waters are devoid of 
oxygen, there is ample oxygen in Lake Baikal 
down to the maximum depth. The area of the sub¬ 
stratum available for exploitation by bottom- 
dwelling forms has therefore a considerable verti¬ 
cal as well as horizontal extension. Within this 
tremendous range, it is possible that ecologically 
similar areas might be isolated for periods suffi¬ 
ciently long to permit their benthic populations to 
undergo considerable genetic divergence. Evidence 
for intra-iacustrine geographical speciation can 
only be the existence of geographical subspecies 
and allopatric, as well as sympatric, species within 
the lake. 

The presence of closely-related species in the 
open water community, species which have un¬ 
doubtedly evolved within the lake, is exceptional. 
Verescagin (1926) has concluded that there are 
two species of pelagic Comephorus in Baikal, bai- 
calensis and dybowskii. These constitute the only 
known exceptions (Verescagin and Sidorychev, 
1929). The habits of the two are similar. Both live 
only in the open waters of the lake well away from 
the shore and feed primarily upon Macrohectopus. 
Both range throughout the greatest part of the 
vertical extension of the open water community. 
Both are regularly found in the surface waters in 
winter, although in summer only C. dybowskii is 
to be found at the surface. The young are always 
there, but the adults migrate to deeper strata dur¬ 
ing the day. No statements on differences in the 
horizontal distribution of the two species have 
come to the attention of the reviewer. These two 
similar species maintain their identity because of 
a difference in the time of breeding, C. dybowskii 
reproduces in February-March, whereas C. bm-^ 
calensis breeds during July-August. The only way 
in which these two species could have arisen is 
through separation of the lake into two basins, 
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thus isolating two populations. Evidence that such 
a separation probably has occurred will be dis¬ 
cussed in a later section. 

It is indeed fortunate that Dorogostaisky real- 
iaed the importance of learning as much as possible 
about the distribution of the species comprising 
the fauna of Baikal, so that we have a picture of 
the distribution of the bottom forms here as we 
have in no other large lake. He published the re¬ 
sults of this investigation in 1923, presenting his 
findings, which were based primarily on the distri¬ 
bution of the amphipods, in terms of a series of 
vertical zones and horizontal regions of the bottom. 
Some species and subspecies were restricted to each 
of these vertical and horizontal divisions, while 
others extended through several divisions, either 
vertical or horizontal, or both. As the Baikal am¬ 
phipods are the only freshwater species flocks 
whose intra-Iacustrine distribution is known to any 
degree of completeness, it is essential that not only 
Dorogostaisky^s conclusions but also the bases for 
these conclusions be clearly comprehended. 

Of the 291 amphipod species stated by Veresca- 
gin (1940) to live in Baikal, it has been possible to 
ascertain the generic assignments of 143, or about 
one-half of the stated total, from the taxonomic 
works of Dorogostaisky and Bazikalova, and from 
Berg’s (1928) summary. The distribution of these 
143 species among the 30 known genera is shown 
in Table 2. Dorogostaisky was able to discover the 
limits of distribution of 85 of these species. Al¬ 
though he found four vertical zones to which vari¬ 
ous species were limited, only the boundary be¬ 
tween the deepest two is indicated on the map. 
The bottom of the lake within this 300 meter depth 
line is called the Central Abyssal Province. At 
least 33 species are restricted to it. Fifty-six species 
are known to be limited to the bottom shallower 
than 3(M} meters. Each of these species is, however, 
not found in all parts of this belt. On the basis of 
the differences in their distribution, Dorogostaisky 
has delimited five regions of the bottom shallower 
than 300 m. These regions are indicated m Fig. 1. 
The greatest length of shore belongs in the two 
large r^ions which Dorogostaisky labelled the 
Northern and Southern Provinces. He cited 26 
species which axe limited to the smaller Southern 
Province and 20 others limited to the Northern. 
The smaller provinces called Me, Small Sea, and 
" Menp.,have only six, three,' and one' species, re- 
.sp^ctiv^y,: restritted to 'them, but each 'of 'the' last 


two is characterized as well by the presence of 
subspecies of otherwise homogeneous, wide-spread 
populations. Nowhere has Dorogostaisky reported 
the total number of species whidi are found in the 
shallow waters of all parts of the lake, although he 
does state that there are many such species. 

The vertical distribution of the gammarids will 
be considered first. Dorogostaisky found that the 
vertical ranges of different species tend to have 
similar limits, which corre.sponcl to ranges of en¬ 
vironmental characteristics such as temperature, 
amplitude of diurnal and annual fluctuations, light, 
and type of plant and nature of bottom sediments. 
The areas of distribution of other elements of the 
bottom fauna coincide with those determined from 
the distribution of the species of amphipods. On 
this basis he divided the bottom into four vertical 
zones: the Littoral, 0-5 m.; the Sublittoral, 5-50 
m.; the Transitional, 50-300 m.; the Abyssal, 
300-1800 m. 

A brief description of the environmental charac¬ 
teristics of each zone and the morphological charac" 
teristics of the gammaridvS of each has been sum¬ 
marized from Dorogostaisky’s paper. The Littoral 
Zone has tire greatest diversity of bottom relief 
and physical conditions, i.e. temperature and light. 
Most of the bottom is pebbly, with occasional 
large stones. There are few sandy shores. The 
largest stretch of sand is near tire mouth of the 
Selenga River, and similar deposits are found at 
the mouths of other large rivers and in the deep 
bays. These waters are seldom calm, as wave ac¬ 
tion is considerable. The amplitude of diurnal and 
annual temperature fluctuations is greatest here. 
The light intensity is high. Green algae (Ulothrix 
zomia and species of DrapamaUia^ Tdr asp or and 
Oedogonium) and diatoms are the dominant pro¬ 
ducer organisns in this zone; vascular plants grow 
only in calm, protected places. The gammarids of 
this zone are mostly green or brown. Their bodies 
are compact and their appendages relatively short. 
Their eyes are brownish-green or black. 
gammarus'* mlanochkrus (Fig. 3, 11) exhibits 
typical Littoral modifications. 

The bottom in the Sublittoral is also diverse iu 
character, with pebbly and sandy places as in the 
Littoral, and silty regions in deep bays and oppo¬ 
site the river mouths. Wave action is almost ab¬ 
sent The diurnal temperature fluctuations are 
much less pronounced, and the amplitude of the 
annual is slightly less than in the Littoral. 
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TABLE 2 


Vertical distribution of genera of gammarlds in Lake Baikal 
(Based primarily on Dorogostaisky, 1922, 1923, 1930,1936) 


GENUS 

NO. SPEaES IN 
BAIKAL 

NUMBER OE SPECIES CHARACTERISTIC OR 

LITTORAL 

SUBUT- 

TOEAL 

TRANSI¬ 

TIONAL 

ABYSSAL 

Echinogammarus^^ 

Stebb . 

27B D 

4 

7 

4 

s 

Pallasea 

Bate . 

12®'® 

3 

2 

3 

2 

Brandtia 

Bate . 

4 

1(+) 

1 

1 

— 

Odontogammarus 

Stebb . 

7 

1 ~ 

4 

2 

^ 1 

ParapaUasea 

Stebb . 

5 

__ 

1 

3 

i 1 

Eyallelopsis 

Stebb . 

many 

many^ 

many^ 

- 

j jBZ3 

Micruropus 

Stebb . 

13BD 

-f 

+ 

— 


Boeckaxelia 

Schell . 

4 ? 


3 1 

1 


A canthoga^mnarus 

Stebb . 

11®+ 


many^ 

5 

- 

Po ekilogammarus 

Stebb . 

6 

- 

4 

2 

- 

Carinogammarus 

Stebb . 

7® 

- 

- 

1 

1 

0mm aioga^mnarus 

Stebb . 

4 1 

— 

- 

3 

1 

Sakonboeckia 

Stebb . 


- 

1 

- 

1 

Microgammarus 


+ 


_ 

— 

. 

Heterogammarus 

Stebb . 

4^ 

- 

1 

- 


Cryptur opus 

Dyb.(?). 

3® 

- 

3 

- i 

— 

Echiuroptis 


1® 

— 

1 

- 


Carinunis 

Sow. 

5BZ3 

- 

1 



Plesiogammarus 

Stebb. 

2 

... 


2 ; 


Gammarosphaera 

Baz. 

jBZa 

- 


1 

- 

Gymnogammarus 


1 


- j 

1 


Brachyuropus 

Stebb. 

3 

- 



2 

Ceratogammarus 

Sow. 


- 

- 

- 

3 

Garjajewia 

Sow. 


- 

- 

- ! 

4 

Abyssogammarus 

Sow. 

9 

— 

- 

— 

9 

Coniurus 

Sow. 

2BZs 

— 



1 

Polyacanthisca 

Baz. 

jBZj 

- 

- 


1 

Gammaracmthus 

Sow. 

1 



— 

— 

Spinacantkus 

Dor. 

4(?) 

-(?) 

--(?) 

-(?) 

-C?) 

Macrohectopm 

Stebb. 

1 

- 


- 

—Blanktonic 

Total no. of genera 


30 

6 

IS 

13 

14 

Species. 


147+ 

8+ 

29+ 

29 

33 


Key; 

B—Berg, 192S. 

BZi—Barikaiova, 1935. 

BZr—Bazikalova, 1936. 

BZa—Bazikalova, 1937. 

D—Refers to works of Dorogostaisky. 

+—(Dor., 1930) Brandtia lata is split into 6 horizontal, shallow-water subspecies. 
S—Schellenberg, A., 1940. 
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Because of the great transparency of the water, 
this zone is well illuminated. Qiara and bottom 
diatoms are here the dominant lower plants, green 
algae being rare, Potamogeton and Cerutophyllum 
and other vascular plants can occasionally be ob¬ 
served. The body color of gammarids of the Sub- 
littoral is often yellow or red, although whites, 
greens, and browns do occur. The body tends to 
have a less well developed exoskeleton, and the 
appendages are relatively longer. Eyes are usually 
black, brown, red, or yellow, more rarely white. 

In the Transitional Zone the bottom is more 
uniform, largely silt, with occasional patches of 
sand or pebbles. Here the environment is nearly 
static. Even annual temperature fluctuations are 
insignificant. Wave action does nor aflect this zone. 
Very little light penetrates so deep. Diatoms ap¬ 
pear to be the only photosynthetic plants which 
can exist here. The gammarids of this zone are 
most diverse in body form. The greater the depth 
at which they live, the longer are their appendages 
(Fig. 3, (?, 12), The most prevalent species are 
yellow and red, but there are many white ones. 
‘^Echinogammarus^^ virgatus (Fig. 3, 12) is pink 
and white. The relative length of its appendages 
is apparent upon comparison with the Littoral 
species just above it. 

The Abyssal Zone provides an unchanging en¬ 
vironment, ever cold (3.2°”4.0®C.) and dark. Dia¬ 
toms sometimes manage to live as far down as 500 
m., and below this bacteria are the only plants. 
The abyssal gammarids are distinguished by their 
large size, long appendages, and poorly developed 
exoskeleton. As in the zone above, most are colored 
yellow or pink, although white prevails among the 
most profundal. Their eyes are either pigmented 
(black, blue, purple, red) and extremely large, or 
unpigmented and quite small. 

Dorogostaisky has not given the vertical range 
of each species, hut for each zone he listed the 
characteristic species, with particular emphasis 
on those forms with limited distributions. This 
information is summarized in Table 2. There are 
undoubtedly a few species found in many of these 
arbitrary divisions of the bottom, although Doro¬ 
gostaisky provided little information on this point. 
Bocckoxelid carpenteri is one of the more widely 
spread species, which in its typical form is charac¬ 
teristic of the subiittorai of both North and South 
basins and has a subspecies profundalis, living in 
the Abyssal Zone of the Northern Province (Bazi- 
kalova, 1937). (For another subspecies see Fig. 3, 
J.) Thare are records of several species that live 


over the boundary of either zone adjacent to that 
characteristic of the species (Dorogostaisky, 1922). 
However, it is clear from this study that the area 
of distribution of the majority of species of amphi- 
pods is limited to a fraction of the total vertical 
extension which is exploitable. 

The basis for the demarcation of various parts 
of the bottom of Baikal, shallower than 300 meters, 
was the presence of several recurring distribution 
patterns which Dorogostaisky discovered in his 
study of the distribution of the 56 species living 
along this strip of the bottom. Dorogostaisky im¬ 
plied that some populations have a wide, possibly 
a lake-wide, horizontal distribution, although he 
never enumerated them. Another distribution pat¬ 
tern is that of species, otherwise widely distrib¬ 
uted throughout the lake, which have readily dis¬ 
tinguishable subspecies in the region adjoining the 
mouth of Selenga River. These provide the basis 
for the differentiation of the Selenga Province. 
Many species are restricted to the shore of the 
southern basin while related species occur along 
the shore of the central and northern ])asins, ex¬ 
cept in the smaller provinces. A vsingle known 
species is divided into Northern and Southern sub¬ 
species. The Northern and Southern Provinces are 
thus indicated. There are six species of gammarids 
known to be restricted to the shallow waters 
around the Ushkanii Islands. Dorogostaisky called 
this region the Isle Province. There is only one 
long stretch of open coast which has a l)i()tic as¬ 
semblage different from that of the Northern and 
Southern Provinces. This is the east coast of a part 
of the south and central basins adjoining the Se¬ 
lenga Delta, called the Selenga Province, The 
Smull Sea, the body of shallow water between 
Olchon Island and the west coast, also has a fauna 
characterized by populations specifically or sub- 
specifically different from those of the open coast. 
The bottom of the Small Sea constitutes the Small 
Sea Province. 

Dorogostaisky considered that th.e fauna of the 
Central Abyssal Province was similar throughout. 
However, Bazikaloba (1937) showed that the dif¬ 
ferences in the composition of the amphipod fauna 
of the southern and central deeps, whidi Dorogos¬ 
taisky believed due to inadequate sampling, are 
real. The 550 meter contour indicated on the map 
(Fig. 1) as a heavy pecked line, shows this division 
of the bottom below this depth into southern and 
northern regions. 

It is of considerable interest to be able to deter¬ 
mine the horizontal and vertical distribution, 
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within this general pattern, of all the members of 
the species flocks, and it is disappointing to find 
that only a single genus is sufficiently well known. 
This genus, Odontogammams, is well defined and 
consists of seven species (Fig. 4). Dorogostaisky 
considered that Od, calcaratus resembles the ances¬ 
tral species most closely. Od. calcaratus is common 
in the southern half of the lake, but is also present 
in the north. It is most abundant at depths of 80- 
100 ni. but can be found between 30 and 300 m., 
and therefore is characteristically Transitional, 
In the South there is another Transitional species, 
Od. pulcherimus, common between 30 and 200 m. 
Od. korotnewi has been taken at several places in 
the Northern Province, including the entrance to 
the Small Sea and around the XJshkanii Islands. 
It is commonest at depths of 80-100 m. In 1925 
Dorogostaisky recorded Od. brevipes only from 
Chivyrkui Gulf, but in 1923 he listed it as charac¬ 
teristic of the Northern Province. However, in his 
introductory remarks (1923) concerning this prov¬ 
ince he stated that the Gulf of Chivyrkui and 
Bargusin may have to be considered as separate 
zoogeographic units, because of the unusual char¬ 
acteristics of their faunas. As no additional records 
are given, we must assume that Od. brevipes is 
restricted to Chivyrkui Gulf, at a depth of about 
50 m. The fifth species, Od. improvise, is found 
only around the Ushkanii Islands and near the 
entrance of Chivyrkui Gulf at depths of 80-100 m. 
The remaining two species live at greater depths 
than those aforementioned. Od. margaritaceus Dyb. 
is found primarily at great depths (150-1500 m.) 
in both the south and middle basins. Od. demianow- 
iczi Dor. is restricted to an area of the bottom 200- 
400 m. deep near the ^^Great CaF’ hole in the 
south basin. This body of information on the dis¬ 
tribution of Odontogammarus is the most compre¬ 
hensive data on the distribution of the members 
of any lacustrine species flock. 

The pattern of distribution of the component 
populations of a genus or superspecies of gamma- 
rids is essentially the same as that seen among 
terrestrial animals, such as birds or insects. The 
origin of such a superspecies of freshwater amphi- 
pods is reasonably explained by the same scheme 
of geographical speciation which Mayr has deduced 
from the distributions of those terrestrial animals. 
Although the data for the distribution of other 
genera of amphipods are not as completely re¬ 
corded as for Odontogammarus^ Dorogostaisky has 
claimed that groups of closely related species 
within the genera Pallasea, Micruropus. and Acan- 


thogammarus have similar patterns of allopatric 
distribution. This is also true of a group of sub¬ 
species of Brandtia lata all living in shallow water. 
Some of the closely related species are sympatric, 
as the areas of distribution of both Od. pulcheri¬ 
mus and korotnewi appear to overlap that of Od. 
calcaratMS. It is noteworthy that both of these are 
considerably smaller than calcaratus; are indeed 
the two smallest species (see Fig. 4). Lack (1944) 
has pointed out that among birds closely related 
species which differ considerably in body and bill 
size often occupy the same habitat. But it is un¬ 
usual to find such marked size differences in closely 
related species which are not sympatric. The area 
of distribution of Od. demiamwiczi appears to lie 
within that of Od. margaritaceus, while the other 
species are allopatric, occupying different areas of 
the bottom (Fig. 5). 

Interspecific competition undoubtedly plays the 
principal role in determining the distribution of 
these species of amphipods. This competition must 
be primarily for food, which must be limited on 
the bottom of such an unproductive lake. It is a 
general rule that two closely related species cannot 
occupy the same ecological niche (Gause’s Prin¬ 
ciple). When two closely related but reproductively 
isolated species come together for the first time, 
there can be any of three consequences. One may 
exterminate the other. If they do not overlap 
completely in their exploitation of the available 
food, natural selection will favor those individuals 
which overlap the least. In this way the two popu¬ 
lations will diverge in feeding habits until the 
degree of competition is so lessened that the two 
species can coexist. The size differences in the 
sympatric species of Odontogammarus, probably 
associated with differences in food size, illustrate 
this possibility. The third alternative leads to the 
development of vertically restricted ranges. If the 
two competing species have slightly different ver¬ 
tical ranges to which they are adapted, each again 
has a refuge in which it can always compete suc¬ 
cessfully with its rival Natural selection will lead 
to the more complete exploitation of those parts 
of the vertical range where competition is reduced. 

The restriction of a species to a part of its poten¬ 
tial range by competition with a dosely related 
species is nicely illustrated by the distribution of 
tridads in the mountain streams of the Balkans 
and South Italy. Euplanaria gonocephala (Dug^s) 
and Crenohia teratophila (Steinmann) occur alone 
in some streams and together in others. When E^ 
gonocephala is alone, it lives in parts of the stream 
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where the water temperature is between 8.5° and 
23°C., whereas C. teratophila occurs in cooler 
waters, between 6.6° and 16.5°C. Whenever the 
two species inhabit the same stream, C. teratophila 
extends downstream only to places where the tem¬ 
perature is 13-14°C. Below the point where the 
water reaches this temperature, E. gonocephala re¬ 
places the former species and extends downstream 
until its upper thermal limit is reached. [Beau¬ 
champ and Ullyot, 1932. N. B. These authors 
named the Balkan species involved Planaria gono¬ 
cephala Duges and Planaria montenegrina Chickolf. 


fauna of the Littoral, Sublittorai, and Transitional 
Zones of Baikal are as completely isolated by the 
open waters of the lake from those on the 
other side as the birds living near sea level on one 
side of New Guinea are isolated by the centralmoun- 
tains from those on the other side. The differentia¬ 
tion of the Abyssal fauna in the south and central 
basins has its counterpart in the differentiation of 
the mountain bird fauna in different ranges of the 
central New Guinea mountains (cf. Mayr, 1942, Fig. 
24). The strips of low and middle altitude land 
around the periphery of New Guinea, like the Lit- 



Fig. 5. A Diageahmatic Representation of the Distribution of Odontogammarus in Laxe Baikal 


They assumed the South Italian PI. teratophila 
Steinmann to be synonymous with the latter. If 
this assumption is correct, the name should be 
Crenohia teratophila (Steinmann), according to 
Kenk, 1930.] 

THE ZOOGEOGRAPHICAL PATTERN IN BAIKAL 

Mayr (1942) has likened old freshwater lakes to 
old islands, because each permits the survival of 
conservative elements of otherwise extinct faunas. 
The comparison is equally useful when each is con¬ 
sidered as a geographical region within which spe- 
ciation can Occur; as when, for example, Lake Bai¬ 
kal is compared with New Guinea. The bottom 


toral, Sublittorai, and Transitional Zones around 
Baikal, each have a tremendous linear extension. 
Any vertically limited population spreading out in 
any one of these ecological zones will result in an 
essentially linear population. Sudi linear popula¬ 
tions are prone to geographical speciation. The re¬ 
sults of speciation in the birds of New Guinea are 
admirably illustrated in Mayr’s (1942) Fig. 4, 
showing subspeciation in the whistler Myiolestes 
megarkymkosj Ms Fig. 15 of the kingfisher Tmy- 
sipt&ra galeata^ and his Fig. 13 of the races of Para- 
disea apoda. 

The long strip of lake bottom adjacent to the 
shoreline of Baikal passes through regior^ with 
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different ecological conditions. Any Littoral or Sub- 
littoral species spreading along the shore will 
encounter a variety of environments, which they 
may or may not be capable of invading success¬ 
fully. An examination of the distribution of the Bai- 
kalian gammarids has shown that certain species 
and subspecies are restricted to certain geographi¬ 
cally delimited regions of the lake shore. The fact 
that many of the amphipods have peculiar species 
or subspecies restricted to the same sections of the 
shore made it possible for Dorogostaisky to name 
these regions and to present the distributional data 
in relation to them. In order for these populations 
to have diverged genetically, they must be discon¬ 
tinuous or have been so at some time in the past. 

The shallow shore around the Ushkanii Islands 
is one area which is at present geographically iso¬ 
lated from the rest of the shallow bottom areas of 
the lake. There is only a narrow strip of bot¬ 
tom shallower than 300 m. joining this shallow 
area with that of the Holy Nose Peninsula. This 
Isle Province is ecological!}^ distinct as well, for 
the temperature of the surface water here seldom 
rises above 7°C., according to Dorogostaisky. 
“The fauna of the Isle Province is well character¬ 
ized by many endemic species^^ (trans. Dorogos¬ 
taisky, 1923, p. 121). This endemism is especially 
evident in the gammarids and turbellaria, although 
the species of the latter group are largely undeter¬ 
mined. Six species of gammarids are restricted to 
the Isle Province, Spinacmithus insularis Dor., 
Boeckaxelia casianea Dor., Acanthogammanis maxi- 
mus Sar., Ac. horotnewi Sar., Gammarosphaera in- 
sularis Baz. (Bazikalova, 1936), and Odontogam- 
mams improdsus Dor. No subspecies are reported, 
and the presence of representatives of widely 
spread species was not mentioned. Spinacantkus in- 
stdaris is Sublittoral, and B. castanea occurs in 
both the Sublittorai and Transitional (Dor. 1930). 
AcmUhogammarus korotnmij Gammarosphaera in- 
suhris, and Odontogarntnarus improdsus bxq. char¬ 
acteristically Transitional No data are available 
for Ac. maximus. Although Dorogostaisky lists 
HyaleUopsis, Micruropus, and Microgammarus as 
characteristic of the Littoral and Sublittorai Zones 
of the lake in general, no representatives of these 
genera are recorded from the Isle Province. 
Possibly the physical environment of the Littoral 
and upper Sublittorai of the Isle Province is suffi- 
dentiy different, so that these genera, adapted to 
conditions of these zones along the main shore, 
have )mn unable to establish themselves. Other- 
' that suitable invasion 


routes have been wanting for a long time relative 
to the age of the islands. 

Each of the other small provinces is ecologically 
distinct from the adjacent Northern and Southern 
Provinces, but all are geographically continuous in 
the same way that the lowlands of New Guinea are 
continuous. Yet it is apparent from the degree to 
which subspeciation and speciation have occurred 
that the populations along these geographically 
continuous strips must be more or less discontinu¬ 
ous. This is equally true of the birds of the 
New Guinea lowlands and the gammarids of the 
shallow bottom of Baikal. 

Differences in the nature of the sediments of the 
shallow bottom are readily apparent. The bottom 
of the Littoral and Sublittorai Zones which, along 
the open coasts of the Northern and Southern prov¬ 
inces, is largely rocky and pebbly, is considerably 
modified in deep bays such as Bargusin and Chivy- 
rkui, and at the mouths of the large rivers, such as 
the Selenga, Upper Angara, and Cliivyrkui. In 
these places the Littoral bottom is sand, and the 
Sublittorai sand and silt. Even the Transitional 
Zone may be altered. 

The longest stretch of sandy bottom extends on 
either side of the Selenga delta and constitutes the 
Selenga Province. Here the water itself is turbid, 
very different from the highly transi'iarcnt water 
along most of the shore, and the temperature 
in summer is higher than it is along the oiicn shore. 
The surface temperature here may reach 19^0. It 
is not surprising that the fauna of this region has a 
peculiar aspect. Sponges and turbellarians have not 
been able to establish themselves in this environ¬ 
ment. Thirteen species of amphipods have been re¬ 
corded from this region, and of these, seven are 
morphologically indistinguishable from samples 
taken elsewhere in the lake. However, five widely 
distributed species are represented in the Selenga 
region by peculiar subspecies [Pallassa baicalia in- 
ermis Sow., P. grubei arenicola Dor., Carinurus sol- 
skii ohsewus Dor., Parapallasea puzylU carinuhta 
Dor., and Acanthogammarus godkwski hrevispinus 
Dor. (Fig. 3, W)]. Boeckaxeliapotanini Dor. (Fig. 3, 
4-5) is the one species restricted to this province. 
It is Sublittorai 

The nature of the populations at the boundaries 
of the adjacent Southern and Northern Provinces 
has not been investigated. For these Selenga popu¬ 
lations, which have only subspeciated, it is reason¬ 
able to assume that either genetic interchange with 
the adjacent population is not completely interrup¬ 
ted, or, if it has been interrupted, that sufficient 
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time has not elapsed for the more profound 
morphological differentiation to have occurred 
which would be considered speciation. 

The two large gulfs on the eastern coast of the 
Northern Province resemble the Selenga region in 
certain aspects. Here, too, the bottom is largely 
sand and silt, and the summer temperatures are 
much higher than those along the rest of the shore 
of the Northern Province, for they reach 20°C. 
(Dor.) Dorogostaisky stated in 1923 that each gulf 
appears to have its own faunal characteristics, al¬ 
though the amphipods had not been adequately 
studied at that time. Subsequently Dorogostaisky 
(1936), in a paper which could not be consulted in 
the original, published the results of a study of 
the gammarids of Bargusin Bay. According to the 
Zoological Record a new species, Micruropus cris- 
tatuSj was described, apparently confirming the 
distinctness of this region of the bottom. It was 
previously noted that Odontogammams hrevipeSy 
although listed (1923) as characteristic of the 
Northern Province, apparently has been found 
only in Chiv>'rkui Gulf (Dor,, 1925). 

The Small Sea, on the west coast of Baikal, 
should undoubtedly be classed with the gulfs on 
the east coast when considering geographical spe¬ 
ciation. The Small Sea is not a gulf, inasmuch as 
it communicates with the open waters of the lake 
at both ends. The narrow Olchon Gate at the 
south end of Olchon Island must be considered a 
part of the Small Sea. This province presents a 
wide variety of physical conditions, viz., nature of 
bottom, depth, temperature, and transparency, 
matched by the diversity and richness of the flora 
and fauna (Dor.). The vascular plants are well 
represented here. Although no study has been 
made of the productiveness of different parts of 
the lake, it appears that the Gulfs of Chivyrkui 
and Bargusin and the Small Sea support the largest 
populations. This is evidenced by the fact that 
Manajunkia baikalensis is extremely abundant in 
the Transitional zone of the Small Sea and the 
Gulf of Chivyrkui, but exists elsewhere in sparse 
populations. Dorogostaisky reports that the, pla- 
naria are particularly abundant here, listing 33 
species. Although 51 species of gammarids occur 
in the Small Sea (Burow and Koskow, 1932), only 
about 14 are very common and of these the follow¬ 
ing are endemic: Pallasea hicornis Dor, (Fig. 3, 7), 
Hyalellppsis depressirostris Sow., Microgammarus 
chargamsis Sow., and Acanthogammarus arrmtus 
ongureni Gar. (Dor.). The typical subspecies of the 
last, Acanthogammarus armatus armatus, has been 


taken only in the Northern Province (Dor,, 1922). 
The populations of the majority of non-endemic 
species of the Small Sea consist of individuals 
morphologically distinguishable from those living 
in other parts of their range (Burow and Koskow, 
1932). 

In addition to these large reaches of shallow 
water, there are several smaller shallow bays along 
the east coast which are very productive, but 
whose faunal assemblage is non-Baikalian. Three 
of these near the Selenga delta, the bay of Proval 
and Kharauz and Posolsky lagoons, are indicated 
on the map. Although they are all broadly con¬ 
nected with the main part of the lake, the biota, 
both planktonic and benthic, is completely differ¬ 
ent, being comprised of common Siberian species 
(Dorogostaisky). This is also true of the lakes 
Frolilia, Rangatui, and Katokel, which flow di¬ 
rectly into Baikal, and of the many ponds in the 
Selenga delta. Only a single Baikalian endemic, 
Brandtia fasciata, has successfully invaded these 
waters, and the common palaearctic gammarid, 
Gammarus (Rivulogammariis) pulex is abundant. 
The littoral environment in Baikal is sufficiently 
different from that of these adjacent bodies of 
water that the species adapted to the one appar¬ 
ently cannot compete successfully in the other. 

There is only one place in the shallower bays of 
Baikal where representatives of common palaearc¬ 
tic genera have been able to establish themselves, 
and this is on the shallow bottom fringing the 
Small Sea (Burow and Koskow, 1932). However, 
certain of the palaearctic elements common in the 
small lakes and bays noted above are absent here, 
being replaced by ecologically similar forms of 
Baikalian genera. Gammarus (R.) pulex, for ex¬ 
ample, is never found, its place being taken by 
littoral species of the Baikalian genera Brandtia, 
^‘Echinogammarus/^ and Micruropus. It is interest¬ 
ing that one of the commonest of these species is 
Brandtia fasciata, which has also been able to in¬ 
vade ponds and lakes connected with Baikal and 
has spread through the Yenesei River System. 
^^EcMnogammanis” viridus, common in these very 
shallow baylets of the Small Sea, has also invaded 
the Lower Angara River and thence the rest of 
the Yenesei System. The bottom fauna farther 
away from the shores has few palaearctic species, 
and in the deeper waters is entirely replaced by a 
tjrpical Baikalian association. 

The fauna along the coast to the north and 
south of the Small Sea, as well as on the outer side 
of Olchon Island, is all classed as Northern by 
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Dorogostaisky. Axi intensive study of the fauna 
of tlie Small Sea by Burow and Koskow (1932) 
has shown it to be more closely related to that of 
the Northern than to the Southern Province. There 
are no data recorded concerning the intermixing 
of the two faunas at the mouths of the Small Sea, 

We now come to the problem of the origin of 
the Southern and Northern faunal provinces. On 
the west coast, the Southern fauna is gradually re¬ 
placed by the Northern fauna about one third 
the way up from the south end, while the Selenga 
Province separates the Northern and Southern 
Provinces on the east coast. There are no large 
bays in the Southern Province, and its bottom 
shows little variation, being rocky in the Littoral 
and upper Subiittoral, becoming sandy in the lower 
Sublittoral. Excepting the two gulfs and a sandy 
stretch on the northern end of the lake, the bot¬ 
tom in the Northern Province is very similar. Other 
physical conditions are also similar, except that 
the shallow waters at the extreme southern end 
of the lake attain a higher summer temperature 
than elsewhere. The two principal provinces there¬ 
fore show, at the present time, none of the essen¬ 
tial ecological differences that are associated with 
the smaller provinces. Furthermore, the transi¬ 
tion from Northern to Southern faunas on the 
west coast is gradual and not marked by any 
conspicuous geographical features. 

The problem of the origin of the species of the 
Northern and Southern Provinces is different from 
that in the other small ones. In the latter there are 
small numbers of species and subspecies restricted 
to portions of the lake, each of which not only has 
its own ecological peculiarities but enjoys partial 
geographical isolation from the rest of the lake. 
There is also a correlation between the degree of 
geographical isolation and the ratio of endemic 
species to subspecies. In the isolated Isle Province 
ail six of the endemic populations are ranked as 
species, while in the Selenga Province, geographi¬ 
cally continuous with both the Northern and 
Southern Provinces, there is one endemic species 
to five endemic subspecies. The Small Sea is inter¬ 
mediate between th^e extremes, both with regard 
to degree of geographical discontinuity and rela¬ 
tive extent of speciation. There is no genus re¬ 
stricted to any one of these small provinces; ah of 
their endemics' have 4osely related species in the 
adjacent :'Northern,;,and;; m,the case' of 'Selenga, 
both Northern and SoUlhem faunas. The present 
C3onditions of discontinuity are such that 1ve ml#it 


expect the bottom populations in the smaller 
provinces to be in the process of subspeciation and 
possibly speciation. On the other hand, the North¬ 
ern and Southern Provinces, ecologically very simi¬ 
lar to each other and broadly continuous at least 
on the west coast, have 20 and 25 species restricted 
to each, respectively, and only a single common 
species represented by two geographical subspe¬ 
cies. Acanthogammams victori Dyb. is recorded by 
Dorogostaisky to have Northern and Southern 
subspecies. The presence of large numbers of re¬ 
stricted species and the apparent lack of present 
subspeciation, together with the lack of any geo¬ 
graphical features which might cause isolation, is 
most reasonably interpreted as indicating that the 
differentiation of the Northern and Southern spe¬ 
cies occurred at a time in the past when the mor¬ 
phometry of the lake was different from what it is 
at present. And as a corollary, the Northern and 
Southern faunas must be older than those of the 
smaller provinces, which appear to be still in the 
process of subspeciation and speciation. 

In our endeavor to ascertain the past existence 
of any morphometric feature of Lake Baikal which 
might isolate the Northern and Southern Prov¬ 
inces, it is necessary to include a consideration of 
the Abyssal zone. Although Dorogostaisky was of 
the opinion that the species of the south and mid¬ 
dle depressions (Fig. 1) were identical, Bazaikalova 
(1937) has reported that several species are re¬ 
stricted to one of the two depressions. Garjajewia 
dogieli Baz., Abyssogammarus leptocmis Dyb., Ak 
sarmatus echinatus Baz., ^4^, hydiae Baz., and 
Ah, kmnezowi Sow. are peculiar to the southern 
depression, while Polyacmihisca cakeolata Baz. (a 
monotypic genus resembling Ahyssogammarus)^ 
Ceratogammams acerus Baz., Ahyssogammams gra¬ 
cilis Sow., Ab. calceolatus Sow., and Boeckaxelia 
carpenteri i, profundalis are found only in the mid¬ 
dle depression. The shallow water between the two 
depressions stands over the Selenga Rise, which 
extends from the mouth of the Selenga River on 
the east coast to the Buguldeika River on the west 
coast. It is not at all dear how shallow the Selenga 
Rise is. Drizhenko's longitudinal profile (in Fickeler) 
indicates its top as 150 m. below the surface, while 
a transverse profile about 80 km. north of this iSO 
m. sounding shows very shallow water on the 
eastern end, gradually deepening to a maximum 
of 530 m. three quarters of the distance toward 
the' west' shore., Thismay' 'mean ' that ^ there, is a 
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shallow ridge running obliquely to the transverse 
sounding line. 

The transition from Southern to Northern bot¬ 
tom fauna in the Littoral and Sublittoral zones on 
the west coast takes place over the end of the Se¬ 
lenga Rise, which we have seen separates the 
Abyssal faunas. Although Dorogostaisky drew the 
line of demarcation somewhat to the north of the 
rise at the Cape of Krestovsky, he stated that this 
replacement of one fauna by the other is in reality 
gradual. Furthermore, he stated that the northern 
and southern subspecies of Acanihogammanis mc- 
tari meet at the Buguldeika River, which is very 
near the west end of the rise. The fauna of the 
Selenga region, which like that of the Small Sea is 
probably of relatively recent origin, now separates 
the Northern and Southern faunas on the east 
coast, so that we can learn little about the eastern 
end. It may be fortuitous that the Southern as¬ 
semblage of bottom amphipods living above 150 
meters should be replaced by the Northern assem¬ 
blage at the same place where a barrier separates 
the Abyssal fauna of the southern basin from that 
of the northern part of the lake, but it is also pos¬ 
sible that at some time in the past the top of this 
ridge was nearer to the surface and acted as a 
barrier for the fauna of the shallower waters as 
well. This would involve either a lowering of the 
water level or an elevation of the ridge, or both. 
Until we know more of the structure of the rise it 
is impossible to evaluate these possibilities. 

■ Drizhenko^s (1908) map and profiles provide the 
little information available, and two geomorphic 
interpretations of the structure of the rise have 
been presented, based upon tliese diagrams above. 
Fickeler (1927) and Halbfass (1928) are of the 
opinion that this rise is formed of sediments de¬ 
posited by the Selenga River. Johansen (1925) 
supported this interpretation but did mention the 
possibility that this rise may be of tectonic origin. 
Bazikalova (1937) referred to it as a submarine 
mountain range, but without reference to any geo¬ 
logical study. Burow and Koskow (1932) stated 
that in their opinion it is possible that the Northern 
and Southern parts of Baikal were isolated from 
each other at some time in the past, but they made 
no mention of the implied geographical barrier. 
It is of the utmost importance that the structure 
of the rise be more thoroughly investigated, in view 
of the biological evidence that a barrier has existed 
at this place in the lake. 

Gradual replacement of the Southern by the 


Northern faunas along the west coast is the pat¬ 
tern to be expected, following the removal of a 
barrier which had persisted long enough for repro¬ 
ductive isolation to evolve. The closely related spe¬ 
cies would compete, and a Southern species might 
extend its range at the expense of that of the 
Northern member of the subspecies, or vice versa. 
It has already been stated that at least one species, 
Acanthogam7mrus victori Dyb., has two geographi¬ 
cal subspecies which replace each other near the 
mouth of the Buguldeika River, somewhat to the 
south of Cape Krestovka, through which Dorogo¬ 
staisky drew the dividing line. On the other hand, 
some Southern species extend as far north as the 
southern side of the Olchon Straits (Burow and 
Koskow, 1932). 

Should the geological structure of the Selenga 
Rise prove consistent with the hypothesis that it 
was at one time a barrier separating Baikal into 
two lakes, the otherwise inexplicable origin of two 
pelagic species of Comephorus will have a reason¬ 
able explanation. During this period of separation 
the two stocks could have acquired their different 
breeding seasons, so that they remained reproduc- 
tively isolated when the geographical barrier dis¬ 
appeared. 

Summarizing this investigation of the geographi¬ 
cal aspects of the speciation of gammarids in Lake 
Baikal, it may be said that the ranges of distribu¬ 
tion of the restricted subspecies and species of the 
Littoral, Sublittoral, and Transitional zones are 
either closely associated with geographical fea¬ 
tures of the present coastline or, showing the same 
pattern of distribution, indicate that at some time 
in the past the lake was completely, or very nearly, 
split into two lakes which have been subsequently 
reunited. This barrier is not entirely hypothetical, 
as there is at the present time a barrier effectively 
subdividing the Abyssal fauna in the very part of 
the lake in which a shallow water barrier at some 
time in the geologically recent past is required. 
There is every indication that the basin of Lake 
Baikal has had a long and complex geomorphic 
past (Presniakov, 1940), only the latest phases of 
which are indicated by the intra-lacustrine distri¬ 
bution of the present fauna. It is a reasonable 
assumption that there have been geographical 
subspeciation and speciation associated in the past 
with geographical features which acted as baxiiers 
to the (hstributioE of once-continubus populations, 
just as there h at present. With the passage of time 
these isolated subpopulations may have been re- 
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joined or further subdivided, as the barriers van- 

ished and were replaced by new ones, giving rise 
to the large species flocks. 

DISTRIBUTION AND SPECIATION OF OTHER 
EAIKALIAN SPECIES FLOCKS 

The information whicii Dorogostaisky was able 
to gather about the distribution of the other species 
flocks is less extensive than for the gammarids. We 
will consider each group, however, in an endeavor 
to ascertain the probability of geographical spe- 
ciation. 

All but one species of cottocomphorids are bot” 
tom forms. Taken as a group they cover the en- 

TABLE 3 


Vertical distribution of some cottoid fish in Lake Baikal 


VERTICAL ZONE 

SPE lES 

Littoral 

Coitus kessleri Dyb. 

Cotius kneri Dyb. 

Young Procottus jeitielesi (Dyb.) 
Young Batrachocottus haicalensis 


(Dyb.) 

SubKttoral 

Batrachocottus haicalensis (Dyb.) 

Transitional 

Procottus jeitielesi (Dyb.) 

Batrachocottus nikolski (Berg) 
Lhnnocottus godlewskii (Dyb.) 
Limnocottus megalops (Graz.) 

Abyssal 

Batrachocoitus midtiradiatus Berg 
Asprocoikis hersensteini Berg 
AhyssocoUus korotneffi Berg 

AhyssocoUus gibbosus Berg 

AhyssocoUus hoidengeri Berg 

MetacoUus gwmUi 


tire vertical range, but individual species are re¬ 
stricted in their vertical distribution. The known 
vertical distribution of the benthic cottids is given 
in Table 3. It is not surprising that none of the 
cottocomephorids are restricted to the narrow Lit¬ 
toral zone, nor that the young of two species feed 
there. The restriction of the species of Coitus to 
this narrow zone may be the result of the inability 
of this recent invader to successfully compete 
with the adult cottocomephorids of the deeper 
waters. Adult BadrachocoUus haicalensis may be 
excluded from the Littoral zone by such competi¬ 
tion, but judging from the deep distribution of 
most of the cottocomephorids, their absence from 


the Littoral and their unique representation in the 
Sublittoral are more probably due to other factors. 
Procottus and Batrachocottus, which form a group 
serologically different from the other Abyssocot- 
tini, have a shallower distribution. The young of a 
single species of Procottus and the Sublittoral spe¬ 
cies of Batrachocottus are known to migrate up to 
the Littoral zone. It is not known whether this 
habit of vertical migration is restricted to these two 
related species or whether it may also occur in 
other species but has escaped detection because 
the shallowest waters arc not penetrated. The ver¬ 
tical discreteness of the ranges o£ the three species 
of Batrachocottus (Fig. 2, 19-21) has no parallel in 
the polytypic genera of the other serological group, 
both species of Limnocottus (Fig. 2, 15-16) and the 
three of AhyssocoUus being restricted to the Transi¬ 
tional and Abyssal zones, respectively. The abys¬ 
sal monotypic genus AsprocoUus l^eiongs to this 
latter group, but the affinities of Metacatkis and 
Cottinella have not been investigated. 

Dorogostaisky reported that there was no infor¬ 
mation on the horizontal distriljution of the cot¬ 
tocomephorids prior to 1923, and none has ap¬ 
peared since. We would not cxi)cct to find many 
geographical subspecies and allopatric species lie- 
cause of their deej) distribution anti their motility, 
which is probably greater than that of tluj inver¬ 
tebrates. However, it docs seem likely that careful 
investigation might demonstrate that tlu; south¬ 
ern and middle depressions, whose isolfition lias 
led to a divergence in the gammarid populations, 
are different with respect to their cottocomepho¬ 
rids. The presence of more species in the more 
completely isolated Abyssal than in the Transi¬ 
tional would be expected, and these zones have 
seven and four species, respectively. The distribu¬ 
tion of Comephorus has been previously discussed. 

Unlike the cottocomephorids, the Baikalian mol¬ 
luscs do not occur in the Abyssal zone, and find 
their greatest development in the Sublittoral. The 
Littoral species all belong to the non-endemic 
genera of gastropods and pelecypods. Indeed, all 
but two of these genera are restricted to this 
shallowest water. At least one species of Ancylus 
and three of Valvata are reported by Dorogostaisky 
to inhabit deeper waters. The large endemic gen¬ 
era of gastropods, Chomomphalus and Batcalia^ 
appear to be most numerous within the Sublittoral, 
although some species of the latter extend into the 
Transitional. Dorogostaisky gives the vertical dis¬ 
tribution of only one of the 15 species of Choamm- 
phalus, namely, maack% which is Sublittoral Bu- 
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row and Koskow (1932) indicate that four of the 
six species of this genus found in the Small Sea 
live between 3 and 18 m., with one species above 
and one below. The smaller genera Benedicta and 
Kobeltocochlea (Fig. 2, 1-4) are Sublittoral and 
Transitional, and in the former we find the only 
recorded instance of two closely related species of 
gastropods showing a restriction of their vertical 
ranges. Dorogostaisky listed B. baicalensis as char¬ 
acteristically Sublittoral and B. fragiUs as Tran¬ 
sitional. 

It is regrettable that so little is known about the 
horizontal distribution of the Baikalian molluscs. 
Dorogostaisky was able to ascertain the distribu¬ 
tion of only 19 of the many molluscs of the North¬ 
ern and Southern Provinces, and those of the 
smaller provinces has been studied even less. The 
subsequent work on the Small Sea (Burow and 
Koskow, 1932) makes it possible to draw some 
tentative conclusions about distribution and spe- 
ciation in the moUuscs. It is of interest that 6 of the 
7 recorded Baikalian species belonging to non¬ 
endemic genera are restricted to either the North¬ 
ern or the Southern Province. Two species of 
Limnea and one each of PlanorUs and Physa are 
characteristically Northern, while one Ancylus and 
one Valvata are numerous only in the Southern 
Province. Did these invade Baikal while it was 
two lakes? The seventh species Valvata baicalensis 
has been found in both Northern and Southern 
Provinces, as well as the Small Sea. Choanomphalus 
maacki is the only member of an endemic genus 
with a similarly unrestricted distribution. None of 
the common snails of endemic genera are restricted 
to the Southern Province, while the genus Benedic- 
tiaj if it does occur there, cannot be very common. 
The Sublittoral B. baicalensis Gerstf. has been 
found in the Northern Province and in the Small 
Sea, and the Transitional B. fragilis is not found 
in the Small Sea, whose bottom is entirely Sub¬ 
littoral. 

In the Small Sea, the only province for which a 
complete faunal list is available, 20 species of Bai- 
calia occur. One of these, B. ciliata (Fig. 2, 6), was 
recorded by Dorogostaisky as characteristic of the 
Southern Province; another, B. oviformis^ as char¬ 
acteristic of the Northern. Two other species not 
found in the Small Sea were listed by Dorogostai¬ 
sky as being common elsewhere. This fragmentary 
information indicates that there are allopatric 
species in the large endemic flocks and that geo¬ 
graphical speciation must be considered as pos¬ 
sible. 


The turbellarians and oligochaetes have been 
so imperfectly studied from the standpoint of dis¬ 
tribution that little need be said of them here, 
save that there appear to be many allopatric spe¬ 
cies. Representatives of both groups can be found 
at all depths in the lake. Dorogostaisky recorded 
a total of 33 species of turbeUarians as character¬ 
istic of either the Northern or Southern Province, 
but none as characteristic of both. Another 32 
species were stated by him to be characteristic of 
the Small Sea, and all are different from those of 
the Northern and Southern Provinces. Burow and 
Koskow did not study the turbeUaria here. Do¬ 
rogostaisky reported the presence in the Isle Prov¬ 
ince of many species of turbeUarians not found in 
other parts of the lake. Those of the Selenga Prov¬ 
ince are unstudied. Nasonov (1930) recorded the 
localities where the species of the rhabdocoel Bai- 
kalellia were found in the Olchon Gate and in the 
southern basin. This, however, was not primarily 
a distributional study and did not purport to give 
the complete distribution of these species. Although 
Dorogostaisky provided considerable information 
on the vertical distribution of the oligochaetes, 
the only clear indication of regional differences in 
the oligochaete fauna is found by comparing 
Michaelsen and Verescagin^s (1930) study of the 
Selenga region and the northwest coast of the lake 
with that of the SmaU Sea by Burow and Koskow 
(1932). 

The taxonomy of the Baikalian isopods and os- 
tracods was imperfectly known in 1923, so that 
the scant information on the distribution of the 
members of the species flocks of these two groups 
has become available since Dorogostaisky’s paper. 
Dorogostaisky made no mention of the ostracods, 
and knowledge of the taxonomy and distribution of 
these bottom living crustaceans is due to Bron- 
stein’s efforts. Although the patterns of os traced 
distribution within Baikal have not been compre¬ 
hended, it appears from the distributional data 
presented in Bronstein’s 1930 paper that some 
members of ostracodan species flocks are sym- 
patric, while others are allopatric. The picture of 
isopod taxonomy and distribution is more com¬ 
plete than it was in 1923, when Dorogostaisky 
considered that there was only one Baikalian spe¬ 
cies. Five species are now known. Asellm dybowskii 
Semenkewitsch, which Birstein (1939) separated 
from the other four Baikalian species into the 
subgenus Mesoasellus^ was foxmd in the Abyssal 
zone of the southern basin at a depth of 800 to 
1000 m. The four species of the endemic subgenus 
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Baikdloasellm live in much shallower water, ac¬ 
cording to Semenkewitsch (1924). A, (B.) angaren- 
sis Dyb., the commonest species in Baikal, lives at 
depths of from 1.5 to 45 m. Although it has been 
found along the entire coast, it is much more com¬ 
mon in the northern and central parts of the lake 
than in the southern. A. (B.) baikalensis Grube, 
like the preceding species, can be found throughout 
the lake, also living between rocks and stones, but 
it is much more common in the southern part of 
the lake. This pattern of distribution might be the 
result of the interpenetration of two closely related 
species which had diverged while separated into 
southern and northern subpopulations. It would 
be of considerable interest if the ecological rela¬ 
tionship of these two species could be more inten¬ 
sively studied. The last two species have much 
more restricted ranges. A, (B.) korotnmii has been 
taken at several places in the Small Sea and near 
the Holy Nose Peninsula. Whether or not these 
latter collections were in either of the gulfs formed 
behind the Holy Nose Peninsyia was not stated 
by Semenkewitsch. This species was found on a 
very shallow stony bottom, at depths of 1-9 m. 
The known range of A . (B.) mintdus is even more 


restricted, since it was found in only one collection 
in the south basin near the beginning of the Lower 
Angara River. A more careful delimitation of the 
ranges of these two species might provide some 
idea of the nature of the barriers between these 
and the two more widespread species. 

It would be of considerable interest to compare 
the pattern of distribution of the bottom-dwelling 
harpacticoid copepods with that of the other ele¬ 
ments of the bottom fauna, but this reviewer was 
unable to find any pertinent information. Borut- 
zky gave no distributional data. Since Verescagin 
(1940) listed 37 species (see Table 1) further work 
must have been done. 

From this brief summary of the other Baikalian 
species flocks, it is evident that a great deal of work 
must be done before the distribution patterns for 
each species flock are established. It is clear that 
in the better known groups of bottom fauna, geo¬ 
graphical speciation associated with the same geo¬ 
graphical isolating mechanism which appeared in 
the study of the gammarids, must be considered 
not merely possible but also highly probable. 

{To he concltded) 
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GENERAL BIOLOGY: PHILOSOPHY 
AND EDUCATION 

The Situation in Biological Science. Proceedings 
of the Lenin Academy of the Agricultural Sciences of 
the U. S. S, R., Jidy Sl-August 7, 1948. Complete 
Stenographic Report. 

By T. D. Lysenko and others. International Pub- 
Ushers, New York. $5.00. ii 4- 636 pp. 1949. 
The Science oe Biology Today. 

By Trofim Lysenko. International Publishers, New 
York. $1.25, 62 pp. 1948. 

The most remarkable fact about the last public out¬ 
break of the so-called “Genetics Controversy” in 
Russia, of which this book is a verbatim transcription, 
is the utter confusion of science on the one hand and 
political and social passion on the other. It may, in 
fact, take its place in history as one of the documents 
in the struggle between science and politics, a struggle 
which in our time has come to occupy the central 
position of (although not entirely superseding) that 
straggle between science and theology which agitated 
our grandparents. The fact of greatest importance 
recorded in these 636 pages, which contain the speeches 
delivered by 56 participants in the debate of July 
31-Angust 7, 1948, is the loss not merely of a science, 
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but of tiiat objectivity and detachment toward which 
Western scientific culture has struggled for three 
centuries. This conclusion has to be drawn from the 
documents on both sides of the controversy, not only 
pro and con in Russia, but pro and con in the United 
States, in Great Britain, in Germany, and in Austria, 
to name only the countries from which this reviewer 
has received published material on the debate. 

It is difficult, after the passions of opposing parties 
have been aroused, to rid such a controversy of the 
strong colors (chiefly bright red and pure white) which 
have been given to it by the press and personal accounts; 
yet that seems to me to be the first duty of a reviewer. 
What is important just now is not only whether this 
one was “right” and that one “wrong,” whether tMs 
one lied and that one was honest, for time will render 
that judgment better than we can at this moment; 
it is rather to know what the controversy was and why 
it broke out when and where it did. It is better now 
to report and to understand than to judge. 

The documents in this book leave no doubt as to who 
began this fight or who the aggressors were, Th^ 
were the supporters of the agrcmomist Trofim 
Denisovicll Lysenko, who had begun in the late twenties 
to publish results of experiments on plants which led 
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Mm to believe that the heredity of crop plants could 
be permanently altered by the proper manipulation of 
certain factors of their environment, such as temper¬ 
ature, amount of daylight or of fertilizer, or time of 
planting. This conclusion had already been drawn by 
Lysenko^s predecessor and inspirer, the old horti- 
cultmalist Michurin, and in the long first speech in the 
1948 debate, which has already been published sepa¬ 
rately (second title above). Lysenko, now President 
of the Lenin Academy of Agricultural Sciences and 
Director of the Institute of Genetics, speaks of this 
doctrine as Michurinism, and all of his supporters, 
most of them young men, can be recognized by the 
slogans which are reiterated in identical form through¬ 
out their speeches. ‘The future belongs to the 
progressive Soviet Michurinism.” These aggressive 
debaters are ranged against a rather shadowy con¬ 
tingent called “the Mendel-Morgan-Weismann re¬ 
actionary bourgeois geneticists.’’ These are the persons 
who first defended the doctrines of modern genetics in 
the debates of 1936 and 1939. However, ’when one 
examines more closely the participants in the 1948 
debate, one finds that this last battle in the “genetics” 
war W'as fought practically without geneticists on either 
side. The 47 who supported Lysenko^s (Michurin^s) 
theses about the inheritance of direct effects of the 
environment are a motley assemblage of agronomists, 
physiologists, biochemists, agricultural engineers, and 
cMefly plain agricultural politicians, with intellectual 
stiffening supplied by some professors of philosophy; 
while the men who did not, at least at first, bind them¬ 
selves completely to the chariot wheels of Lysenko, i.e., 
“the geneticists,” comprise a statistician (Nemchinov), 
an endocrinologist (B. M. Zawadowsky), an embryol¬ 
ogist (Schmalhausen), two plant breeders (Zhukovsky 
and Zhebralc), and one unclassified biologist who, how¬ 
ever, sat so uncomfortably on the fence that his special 
competence is unimportant (Polyakov). Only two, 
Rapoport and Alikhanian, could be called geneticists in 
in any proper sense, as being persons primarily con¬ 
cerned with the principles of genetics. The cMef 
Soviet geneticists—-such as Dubinin, Tschetverikov, 
Serebrovsky—do not appear at all. 

This inequality in the opposing forces and the 
absence of geneticists was not true in the skirmish of 
1936 or the full dress battle of 1939. Then geneticists 
appeared in force and not only in defense but in attack. 
That the ranks of one side have dwindled to so few is 
one way of describing what has happened. 

What now was the question at issue in this unequal 
debate? Ostensibly it was the inheritance, of direct 
effects of the environment, the doctrine of Michurin, 
carefully dissociated from Lamarckism (for Lamarck 
was a foreigner) versus Weismannism, which the 
attackers define as the belief in an immortal and sacro¬ 
sanct hereditary substance, the germ plasm insulated 
from all modification by the environment, and thus 


rendering impossible the inheritance of environmental 
effects. Actually the question was this: Shall two 
doctrines, one the “Michurin trend,” and the other 
the “Weismann trend,” be permitted to exist and to 
compete in the Soviet Union? The opposition thought 
they could, but only Rapoport and Schmalhausen came 
out wholeheartedly for this position. Brave words were 
spoken by Zhukovsky in criticism of Lysenko, but in the 
end, after Lysenko revealed that his address had had 
the prior approval of the Central Committee of the 
Communist Party, Zhukovsky, Alikhanian, and 
Polyakov recanted to remove what traces of heresy 
still clung to their names. It was not only this act 
but also the political slogans throughout the speeches 
and the continued reference to the highest scientific 
authorities as being Marx, Engels, Lenin, and Stalin 
wMch so clearly show that these men are Communists 
first and scientists second. They would probably say 
that they are first of all Soviet Citizens with a first 
duty to the state. This is a choice and an order that 
may seem both unnecessary and “unnatural” to those 
who have never, or not yet, faced the hard necessities 
of life on the margins of subsistence and of national 
existence in a hostile world. Again we report what 
seems to be a fact and refrain from judgment. 

As we read these pages, some of which sound like 
excerpts torn from a Chekov comedy, we realize that 
these men are more than Soviet citizens: they are also 
Russians. The scene of their struggle is t,hc Soviet 
Union of 1948, to be sure, but this is one political scene 
superimposed upon the ancient culture of Russia. 
Here are still the chiefs and elders making obeisance, 
but now to Joseph Vissarionovich Stalin; and tlic tribal 
gods from whom he derives his authority arc Marx and 
Lenin. 

The decision on the question was clear enough. 
Lysenko and his supporters won a complete victory. 
Perhaps it would be better to say that they had already 
won it before the debate was convened to make the 
triumph public. The winners were the agricultural 
politicians, but the losers were not merely the handful 
of geneticists who appeared to defend (and to expose) 
themselves. Lost also were scientific integrity, free- 
dom of thought and speech, sober detachment and im¬ 
partiality before the facts of nature, all elements of the 
soil and climate in which modern science has grown. 

There is some internal evidence in these speeches as 
to why the controversy broke out in the U. S. S. R. 
and at this particular time, but there is no room in an 
already over-long review to examine this question. 
Suffice it to say that the reasons appear to be political 
and social; they can only be said to be scientific in 
so far as the whole attack on genetics seems to rest on 
ignorance, which in some cases appears to be willful 
ignorance, of the evidence, the methods, and the 
principles of modern genetics. 

L. C* Dxtnn 
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The Human Race. A Stidy in the Nature of 
Knowledge. 

By Emil Froeschels. Philo so‘phical Library, New 

York. $3.00. 197 pp. 1947. 

This book is a philosopher’s approach to the relationship 
between philosophy and medicine, and is an expansion 
of lectures given by the author over a period of years in 
the Medical School of the University of Vienna. The 
book is in three parts entitled: Congenital Knowledge, 
Two Different Kinds of Time, and Our Destiny. 

In Part I, that dealing with congenital knowledge, 
Froeschels has considered the knowledge of the infinite 
in mathematics and in philosophy, the existence of God 
as a variety of the infinite, and the ^^unconscious” and 
its antithesis, the conscious, which he reduces to new 
terms, namely, “the non-expression-ripe” and “the 
expression-ripe.” He describes the relation of the 
non-expression-ripe to the expression-ripe in perception, 
action, understanding, the arts, neuropathological 
symptoms, witticism, and so on. In these new terms, 
he approachs the Meyerian term of “more or less 
conscious” and gets closer to Hartmann’s conceptions 
of the unconscious. He asserts that everything we 
understand can be understood only as a member of an 
antithetical pair: finite—^infinite, for instance. Just 
how the material understood as congenital knowledge 
comes to be such is not clear to this reader. 

In Part II there are chapters on Time; Motion and 
Rest, The Present Tense—Being and Becoming, Con¬ 
cepts and Their Essential Relations to Time; The Will, 
Causalism, Conditionalism, Similarity; Causalism and 
Conditionalism in Medicine; Freedom of Choice; 
Psychogenesis—^The Body-Soul-Question; Reason and 
Will; and Reality and Truth. The most interesting 
item in this part of the book is his conception of the will 
as “the prototype of force that makes us feel the causes 
of change ever 3 rwhere including those which are called 
forces in physics, e.g. the force of gravity,., causality 
is the projection of our will into the outer world.... 
Since this property of causality, the flow, (of a preceding 
phenomenon into a following one) belongs to the realm 
of motion and since a concept of motion does not exist, 
causality cannot possibly be a form of thinking.” 
He summarizes this by saying: “Causality is a 
‘category’ of our will-power and not a form of our 
thinking.” He insists that the expressions “stronger 
motives” and “weaker motives” are incorrectly used, 
and he holds that motives of equal strength are never 
present within the range of will; in fact, there is not 
any system of measure within the scope of the will. 
“It is the sovereignty of the will, the freedom of choice 
that accounts for the fact that finally one motive is 
chosen.” He looks upon repression in the psycho¬ 
analytic sense as an active process, namely, “as a desire 
not to bring certain conflicts to consciousness. The 
will may avoid certain concepts and they therefore may 
not become expression-ripe.” 


In the final chapter of the book, upon Life After 
Death, the author states: “The soul which is con¬ 
genitally endowed with the knowledge of God, of the 
infinite, and of the universe can hardly be thought of as 
mortal, because the finite can not have any knowledge 
of the infinite. Only something that has ‘sufficient 
space for the infinite’ can know it.” He states that 
all monotheistic religions insist that man’s welfare 
on earth “should be subordinated to man’s communion 
with God.... Our desire for well-being on earth is not 
the ultimate goal.... If the will raises knowledge to 
expression-ripeness in sovereign freedom, then there 
is no place for resignation to a determinism or decline. 
The hope must always remain that men, who are equal 
participants in the community of infinite knowledge, 
may become aware of this community, act in ac¬ 
cordance with infinite values, and discard the more 
obvious finite elements whose essence is division and 
whose effect may be discord.” 

It expresses something concerning our American 
concept of medical education that such a series of 
lectures would be practically unknown in any medical 
school that the reviewer is aware of. We have become 
technicians in a very strict sense, and our desire to 
join others, particularly philosophers, in a discussion 
of “what it is all about” is at a low ebb. Something of 
the present sort might very w^ell be considered as 
binding material in working with the over-all social 
problem. 

Wendell Muncie 



New Dieections in Science Teaching. A Report of 
a Cooperative Project in Seventeen Secondary Schools with 
the Bureau of Educational Research in Science Teachers 
College, Columbia University. 

By Anita Duncan Laton and Samuel Ralph Powers. 
McGraw-Hill Book Company, New York, Toronto and 
London. $2.50. xii -f 164 pp. 1949. 

This book describes in detail a long-term and extensive 
project aimed at introducing new procedures and 
emphases in science into the actual science classroom. 
These new procedures and emphases aim to lead science 
students “to a clearer understanding of society, of the 
social function of science, and of their individual needs 
and interests.” The reports of the experiences of 
teachers and students in the 17 participating schools 
are of a specific nature, and reveal new methods and 
new aims by describing actual work in progress rather 
than by abstract generalizing. 

Several “new directions in science teaching” are 
described, all of which center around the human being 
and his relation to Ms world. Studies of the com¬ 
munity, studies of young people, studies of current 
problems, courses emphasizmg human development 
and growth, studies of man’s relation to the natural 
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resources, in particular those of Ms own region, all 
these reveal the increased value of science courses when 
the emphasis is placed on the individual human being 
and Ms relation to his world. 

One important trend in science teacMng is pre¬ 
sented in the chapter on New Interdepartmental 
Courses. Progressive teachers are aware of the im¬ 
possibility of sta}ring witMn the rigid limits of one 
science, if the course is being taught for the sake of the 
students, and not for the sake of a traditional science. 
How can any student understand photosynthesis or 
digestion or any other life process without some knowl¬ 
edge of chemistry and physics? This growing tendency 
to break through traditional compartments of knowl¬ 
edge to an integration of knowledge from many fields is 
encouraging and should grow rapidly. Nm Directions 
in Science Teaching reports on several integrations: 1) 
Integration of aH Subjects in the Ninth Grade; 2) 
Integration of Science and Social Studies; 3) Integra¬ 
tion of American History and Chemistry; 4) Science 
and English; S) Core Course on Human Living; and 
several more, all of which are worth serious study. 
This book should be of value to all science teachers and 
supervisors and to school administrators in helping 
them to plan and direct their science courses into 
channels wMch will touch the student’s daily living, 
not only wMle he is in school but throughout Ms life. 

Ella Thea Smith 



Drx PstfiLtFDES 1 LA BiOLOGiE. Sciences et MHecine, 
SBrie des Sciences Naturelles. 

By Robert MaUhey, E. Rouge St Cie.^ Lausanne, 

225 fr. (paper). 226 pp,; ill 1945. 

The ten topics considered in tMs series of discourses 
include the following: heredity; sex determination; 
twins; parthenogenesis; embryology; vision and orienta¬ 
tion in bees; psychology of the vertebrates; psychology 
of reproduction in birds; the origin and uniqueness of 
man. These nine subjects are preceded by an introduc¬ 
tory essay on biology in general. The purpose in pre¬ 
senting this work was to provide some scientific informa¬ 
tion to the general reader. As the author acknowledges 
in his preface, In order to acMeve tMs end he has had 
to simplify to an extreme. No one versed in any of 
these fields should he too critical, since it was not 
written for Mm, 

We do not heleve that the mechanisms of heredity 
are so rimple that a non-biologist can absorb and 
understand them at first glance^ but assuming this 
hurdle leaped^ then the ®ays on linkage and crosring 
om ^ould prove interesting. The chapter on parthe- 
nc^^esis is a good one, especially since the author’s 
own cytolo^cal work on the orthopteran, pedo^ 
forms a large part df the matei&l. Other chapters are 
on the whole based priinarily on the work of other men, 
Frisch on bee orientation,, Hediger nn^ vertebrate, 


psychology, Heinroth on bird psychology. In the 
final chapter, Mattliey broaches his own ideas on man’s 
relationsMp to other anthropoids. The point empha¬ 
sized in this connection is that external differences in 
morphology are secondary to those of the nervous 
system, thereby giving rise to a wide hiatus in mental 
abilities. 

Hehri C. Seibert 



Pageant of Life Science. Fourth Edition. 

By M. W. de Laubenfcls. Preniice-Hallf New York. 

$5.95; $4.60 (textbook edition), vi + 407 pp.; ill 

1949. 

With the present edition, this unusual and eye-catching 
biology text has graduated from offset reproduction of 
typewritten copy to standard printing on better paper. 
The improved contrast from the coated stock and 
glossy ink has helped many of the illustrations, but 
some of the photographs show less gain than would 
have been expected. Careful comparison with the 
third edition reveals small changes in the text, and 
added or substituted bibliographic references after the 
28 chapters. Warnings about poison ivy are more 
vigorous, and the discussion on medicine has been 
extended to include the sulfa drugs as well as penicillin. 
There is a new chapter on phytophysiology and another 
on agriculture, with a clear conservation viewpoint. 
Neurospora and the recent South African advances in 
anthropology have not entered the respective cha|)ters, 
hut a few of the newer concepts achieve a place in this 
fresh edition. The three, final chapters (Paleontology; 
Anthropology; Philosophy—Evolution, and Some Non- 
Biological Comments) show the same pronounced bias 
as in earlier editions. The sequence of, evidence for, 
and dispute over evolution are presented so briefly and 
in such argumentative style that students are likely 
to be led contrary to recent thinking on these subjects. 
The index has been simplified of its previous decimal 
notation, and though less precise, will require fewer 
rereadings of the explanation of symbols for occasional 
users. 

Lorus J. k Margerv J. Milne 



BIOLOGY: PHSTORY AND BIOGRAPHY 
The World As I See It. 

By Albert Einstein^ transladed by Alan Marris* Philo- 
sophical Library^ New York. $2.75. xiv 112 
pp. 1949. 

TMs interesting selection of addresses, letters, and 
writings by Albert Einstein is compost o! material 
that dates for the most part from the period between 
' ^ World War I and the Nazification of Germany, Much, 
of the book is devoted to simple and candid disenssions 
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of politics and pacifism, good and evil, the individual 
and society, and finally the status of the Jews. The 
book is the authorized English translation of the 
volume Mein WeliUld. Certain essays on relativity 
and cognate subjects have been omitted, and a corre¬ 
spondence with the Prussian Academy of Sciences, on 
the occasion of Einstein’s resignation in 1933, is here 
published for the first time in its authentic and com¬ 
plete form. Although the political material is largely 
derived from the period after World War I, it is clearly 
if ironically relevant to the present. 

The book should be of wide general interest. Its 
ideas are not those of an impractical but learned 
scholar, detached from the general struggle for the high 
ideals espoused. On the contrary, the author’s famil¬ 
iarity with the practical complexities of the problems 
he deals with has evidently been established by many 
years of thoughtful concern for peace and the ameliora¬ 
tion of the lot of the common man throughout the 
world. 

Einstein speaks as the embodiment of 20th century 
man’s conscience, and his unassuming formulation of 
clear, uncompromising truth should give courage to all 
men of good will. The quality of the book can be 
epitomized in the following excerpts, although they do 
not do justice to its poetry of spirit, its subtle discern¬ 
ment, its flashes of humor, its wide variety of themes, 
and its love of justice and reason, which make the 
reading of this book a great and refreshing experience. 

“A hundred times every day I remind myself that 
my inner and outer life depend on the labours of other 
men, living and dead, and that I must exert myself in 
order to give in the same measure as I have received 
and am still receiving.... 

*‘The passions of nationalism have destroyed the 
community of the intellect.... The men of learning 
have become the chief mouthpieces of national tradi¬ 
tion and have lost their sense of an intellectual com¬ 
monwealth. 

“The course of events in the last few years has once 
more shown us how little we are justified in leaving the 
struggle against armaments and against the war spirit 
to the governments.... The destiny of civilized human¬ 
ity depends more than ever on the moral forces it is 
capable of generating.... 

“Most objects are gained by gradual steps: for 
example, the supersession of absolute monarchy by 
democracy. On the question of disarmament, how¬ 
ever, we are concerned with an objective which cannot 
be reached step hy step,... People will not disarm step 
by step, they will disarm at one blow or not at all... 
Disarmament and security are only to be. had in 
combination. The one guarantee of security is an 
undertaking by all nations to give effect to the decisions 
of the international authority.... 

“We cannot despair of humanity, since we are our¬ 
selves human beings.... It is not the individual 
spectator’s duty merely to wait and criticize He 


must serve the cause hy all means in his power. The 
fate of the world will be such as the world deserves.” 

The whole book cannot, unfortunately, be quoted 
here, but it can be recommended as imperative reading 
for every adult who flatters himself on possessing both 
a heart and a brain, and not simply a vertebral column. 

Evelyn Howard 



ZwiscHEN Anden tjnd Atlantik. Reisen eines Biolo- 
gen in SUdamerika. 

By Hans Krieg, Carl Hans&r, Miinchen, 24.80 

DM. 492 pp. -f 35 plates; text ill. 1948. 

The author, who is director of the Zoologische 
Staatssammlung in Munich, belongs to that nowadays 
all too small group of well-informed, enthusiastic 
naturalists who can extract from any environment a 
wealth of new and interesting information. During 
four trips to South America, lasting together nearly 8 
years, he collected chiefly mammals and birds, and 
studied the wild and domesticated fauna, the human 
populations, and their relations to each other and to 
their varied habitats. The valuable scientific results of 
his material and data have already appeared in 
numerous technical publications. In the present vol¬ 
ume, finished in 1939 but only printed 9 years later, the 
author has recorded his experiences in and impressions 
of the subtropical regions of South America in an 
informal, highly informative, and most readable man¬ 
ner. The many chapters represent actually more or 
less independent essays on the land and its life, 
particularly on many different mammals and birds, 
some reptiles and amphibians, the Indians and other 
human inhabitants, and on economic and political 
conditions in Latin America, The 347 admirable 
drawings and the 4 excellent reproductions of water- 
colors by the author are proof that Hans Krieg is not 
only a gifted writer, but also a very talented artist. 

This book is a valuable addition to the many older, 
great works on South America by famous naturalists. 
Unfortunately it contains only an index of names, and 
lacks one of subjects in a broader sense. 

A. H. ScntrLTz 



Explorer or the Hxjman Brain. The Life of Santiago 
Ramdn y Cafal {1S52-1934), 

By Dorothy F. Cannon; with a memoir of Dr, Cafal hy 
Sir Charles Sherrington, Hmry Schmnan^ Nm ¥orh, 
$4.00. xvi 4* 303 pp. 4- 3 plates; text ill. 1949. 
The series of biographies of which this volume forms a 
part presents to the layman the Ives, aspirations, and 
accompHshments of great men of science. In writiiig 
of the life of the foremost investi^tor of the structure 
of nervous tissues, Dr. Dorothy Cannbn finds herself 
in the inteesting positidn of being the blogra^a: of a 
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biographically minded scientist. Cajal, perhaps, 
differed from other histologists of the nervous system 
in that he engaged in a consuming study of the whole 
nervous system in all of its complexity, and in an 
equally intensive effort to describe his exciting new 
findings to the biological world. Several hundred 
publications, including his autobiography, came from 
his pen, but they were all part of the same narrative, 
the life of the nervous tissue. His flair as a biographer 
is well described by Sir Charles Sherrington, who 
developed the basic modern concepts of the physiology 
of the nervous system with the help of the anatomical 
foundation largely laid by Cajal. Sherrington re¬ 
marks, in an introductory memoir of Cajal in this 
volume: “Listening to him I asked myself how far 
this capacity for anthropomorphizing might not con¬ 
tribute to his success as an investigator. I never met 
anyone else in whom it was so marked.” 

Conspicuous in Cajahs approach to his jwork is not 
only a great curiosity and zeal for understanding, and 
the gift of seeing the whole purpose of his work in the 
midst of complex details, but also an intense personal 
motivation linked to an unusually passionate patriot¬ 
ism. Clearly depicted by Dorothy Cannon, within 
the texture of CajaFs personal development, are his 
outstanding contributions to the body of science: the 
development of the concept of the polarity and in¬ 
dividuality of nerve cells, the elucidation of many 
details of the architectural superstructure of neuronal 
patterns and intemeuronal relationships, the original 
histological techniques, and the development of students 
who became masters in their own right. 

In the phenomenon of greatness, the evaluation of 
time and place is certainly second only to the capacity 
of the man. Lacking in this story of a man’s contribu¬ 
tion to neurology is the historical retrospect which 
might indicate the soil from which Cajal’s rich harvest 
sprang. In a short biography this defect can readily 
be excused. 

David Bodian 



Natueaxists oe the Frontiee. Second Edition. 

By Samud Wood Gdser. Soidhern Methodist Univer¬ 
sity, Ddlas. $5.00. 296 pp.; ill. 1948. 

As this reviewer well knows from his own friends among 
pioneer naturalists on scientific frontiers in other parts 
of the world, these factual and sympathetically written 
biographies reveal the appalling difficulties under which 
Jacob Boil, Jean Louis Berlandier, Thomas Drum¬ 
mond, Audubon, Louis Cachand Ervendberg, Fer¬ 
dinand Jakob Lindheimer, Ferdinand Roemer, Charles 
Wright, Gideon Lmcecum, Julien Reverchon, and Gustaf 
Wilhelm Belgrage struggled to extend the frontiers of 
knowledge in Texas between 1820 and 1880. These 
very human documents reveal the frailty as well as the 
nohiity of human nature,! lor it is on the frontier that 


such characteristics are more conspicuous. Considering 
the circumstances, it is no wonder that some of these 
naturalists did not accomplish much; it is amazing that 
so many achieved as much as they did. This is a book 
which cannot be overlooked by anyone interested in 
the development of science in the southwestern states. 
In an appendix, the author sets out chapter by chapter 
the principal sources from which he has drawn his 
material. He has also presented a relatively long, 
though admittedly incomplete, list of naturalists and 
collectors in Texas during the period 1820 to 1880. 
Included are certain names which he considers scientific 
hoaxes, and a partial list of the author’s own publi¬ 
cations on the history of science in early Texas. The 
makeup and printing of this book are attractive. The 
big page numbers are excellent, but one could wish 
for less hidden running heads and a larger general 
map of Texas, even at the expense of its taking the 
place of the striking end papers. The use of individ¬ 
ual maps to show the activities of the several authors 
is excellent. 

Robert L. Pendleton 



The Story oe Medicine. 

By Joseph Garland; illustrated hy Erwin H. Austin. 

Hotighton Mifflin Company, Boston. $2.75. x + 

259 pp.; ill, 1949. 

The story of man’s attempt through the ages to under¬ 
stand, and so to prevent or cure his own bodily ail¬ 
ments is a truly romantic tale, filled with just as much 
human interest, drama, and suspense as any modern 
fictional thriller. The added interest and clarity which 
the author has given the story in this particular volume 
make it a thoroughly fascinating book. Written in 
an authoritative, yet simple manner, the work should 
have a strong appeal for the adolescent or young adult 
for whom it is primarily intended. 

As a history of medicine, the volume is not a mere 
chronicle of names, dates, and events, but is rather an 
account of the surging power of awakening knowledge 
in its struggle against the superstition, the empiricism, 
the skepticism, and the pure ignorance which sur- 
roxmded and encumbered the field of medical thought 
and action for so many centuries of the past, I'rom 
its beginnings in the mysterious incantations and 
activities of the prehistoric medicine men, the story 
of the development of medicine is traced through the 
ancient civilizations of the world, with descriptions of 
the contributions of the Egyptians, Syrians, Babylo¬ 
nians, Persians, Hindus, Hebrews, Chinese, Greeks, and 
Romans, up to the “Dark Ages” when all learning was 
entombed in the monasteries. With the Renaissance 
individual thought and action reawakened in the field 
of medicine, as in many other fields of knowledge and 
endeavor. Clearly depicted are the tremendous ac¬ 
complishments in medicine and surgery over the past 
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one hundred years, following the advent of anesthesia 
and asepsis. With the present broadened knowledge of 
medicine and surgery that has resulted from research 
and clinical experience over the past fifty years, the 
outlook for the future is so bright as to be beyond our 
present powers of imagination. With the reduction 
of deaths from the greatest killers of the past and the 
consequent aging of the population, new and different 
medical problems will face our future generations of 
doctors. With a shifting of emphasis from the curing of 
disease to the prevention of illness and the maintenance 
of health, our present generation is seeing a change in 
the character and responsibility of medical practice. 
In an age of medical specialization, the author con¬ 
cludes his treatise with a timely salute and a word of 
sympathetic understanding for the very back-bone of 
the profession—the general practitioner. The text is 
provided with an ample supply of line drawings, a 
bibliography, and an index. 

B. Aubrey Schneider 



Noah Webster: Letters on Yellow Fever Ad¬ 
dressed TO Br. William Currie. Supplements to 
the Bulletin of the History of Medicine, Number 9. 
Edited by Henry E, Sigerist, with an introdtcctory essay 
by Benjamin Spector. The Johns Hopkins Press, 
Baltimore. $2.00 (paper), vi + 110 pp. -h 1 
plate. 1947. 

No history of medicine in the United States would be 
complete without paying tribute to the accomplish¬ 
ments of a long and illustrious list of men, who, al¬ 
though they were not physicians, yet made notable 
contributions to the development of medical thought 
and practice. Among these men, Noah Webster has 
earned a place of distinction. Conducting his investi¬ 
gation and writing at a time when the whole medical 
profession was rigidly bound to the prevailing systems 
of medical thought and practice, and blinded by them, 
Webster was deliberate and caustic in his criticism of 
the profession’s inability to grasp new concepts based 
on carefully collected evidence. He was equally delib¬ 
erate, yet altruistically earnest, in emphasizing tlie 
need for informing the public on matters of public 
health. 

Some 25 letters on Yellow Fever which Webster 
addressed to Dr. William Currie have been assembled 
in this volume, and are published for the first time 
since their original appearance in 1797 in ^t .New 
York Commercial Advertiser. Throughout the letters, 
one is impressed by Webster’s keen ability to collect 
and analyse facts relating to the specific concepts and 
theories which he propounded. For example, Letter 
IV (November 1) opens thus: ^'To prove that the 
plague, though infectious, does not depend on specific 
contagion for propagation, but on accidental and local 
circumstances, let me call your attention to facts.” 


Webster then proceeds to marshal the evidence relat¬ 
ing to the origin of the yellow fever plagues, their 
spread, and their limitations with regard to northern 
and southern latitudes, topography, rivers, mountains, 
and coastlines, as well as to the distribution of popula¬ 
tions. By sheer force of incontestible evidence, the 
writer showed that yellow fever is related to latitude 
(being more prevalent in the warmer climates); that 
it is related to topography (being more prevalent in 
seashore and river lowland regions than in arid or 
mountainous regions); and that it is not spread, like 
other contagions, by contact of person to person. 
These letters are thoroughly enjoyable and enlighten¬ 
ing to read, and can well be studied as patterns of 
investigation and presentation by the epidemiologists 
of today. 

B. Aubrey Schneider 



The New York Ac.4demy of Medicine: Its First 
Hundred Years. 

By Philip Van Ingen. Columbia University Press, 

New York. $10.00. xii -f- 573 pp. + 24 plates. 

1949. 

Through its admirable medical library, the second in 
the United States, its Bulletin, and its Public Health 
and educational activities the New York Academy of 
Medicine, founded in 1847 as an association of 185 New 
York physicians, has indeed become a ^‘national 
institution.” The growth of the Academy was strong 
and steady, like that of the nation, the city, and the 
profession that fostered it. In 1874 it acquired its 
first home, in 1890 it built a second, and in 1926 it 
moved into its present luxurious quarters. It is 
interesting to notice that the latter development was 
primarily financed by the Carnegie and Rockefeller 
foundations. In entering this last stage of very 
extensive activities, the Academy was no longer able to 
carry on exclusively with elected officers, and has since, 
like similar organizations, acquired a quite sizable 
bureaucracy. 

Unlike European Academies, the New York Academy 
was founded primarily not as a scientific body but as a 
professional combat organization, to fight especially 
against organized medicine’s bugbear of the period, 
homeopathy. Only gradually, especially since the 
1860’s, has it grown into its present primarily sdentific 
role. It is consistent with medical developments in 
the United States in general that during the I9th 
century the best work presented to the Academy was 
surgical. In the 1880’s the events during the criris 
over the Codes of Ethics of the A.M.A. and of the New 
York State Medical Society convinced the majority 
of fellows of the Academy that it yrould be best to kee|> 
out of medical politics in the future. In this instancy 
as in the whole history of the Academy np to 1919, the 
influence of Abrahmu Jacohh ’48er w^hO becte 
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the ‘^father of American pediatrics’’ and belonged to 
the Academy for more than 60 years, was strongly felt. 
Public health is an interest which the Academy has 
followed without deviation from the very beginning. 
A survey of the discussions and problems of the 1920’s 
arouses here as elsewhere a melancholic feeling that 
in some respects we have been turning in circles during 
the last 30 years. 

The conscientious chronicle of Philip Van Ingen 
contains innumerable details that are of the greatest 
interest to a medical historian. Its purely descriptive 
form, which enumerates events in chronological order, 
is unfortunately such that it raises a doubt whether 
the book will be much read outside of a rather narrow 
circle of specialists. 

Ehwin H. Ackeeknecht 



Readings in the Hi.story oe Psychoeogy. The 
Century Psychology Series. 

Compiled and edited by Wayne Dennis. Appleton- 
Century-Crofts, New York. ^.75. xii + 587 pp.; 
ill. 1948. 

This compilation of readings in the history of psy¬ 
chology fills a long-standing gap in the library of 
psychological texts. It is the only such set available 
and, fortunately, it is a good selection. The volume 
contains 61 passages; 50 different authors are repre¬ 
sented. With the exception of two from Aristotle, the 
selections cover the period from 1638 to 1930. 
Eighteen of the passages were originally published in 
the present century. Although the readings are of 
genera! interest, they are perhaps over weighted with 
materials from the field of general experimental psy¬ 
chology. Ail in all, this should be a valuable supple¬ 
mentary textbook for courses in historical and 
systematic psychology, 

A. Chapanis 

A History oe Agricuetxjre. 

By T, Bedford Franklin. G. Bell and Sons, London. 
10s. 6d. viii -h 239 pp.; ill. 1948. 

While this book attempts to cover the history of 
agriculture from Old Testament times, the most 
significant, most interesting, and by far the largest 
part of the hook covers the development of farming in 
Britain. The author comes from an old English rural 
family and evidently is well acquainted at fir-st-hand 
with agriculture in England. Not only is his descrip- 
rion of the historical development of agriculture in 
England highly interesting, but it is significant for an 
adequate understanding of the present plight in which 
Britain finds herself. The book is well written, beauti¬ 
fully printed and illustrated, and should be read by all 
Americans interested in the problems of land utiliza¬ 


tion, particularly those in that part of the United States 
east of the Mississippi River. The British price is 
cheap enough so that it should be available here at a 
reasonable price. Too many British books these days 
are priced too high for purchase by the average tech¬ 
nical reader. 

Robert L. Rendleton 



ECOLOGY AND NATURAL HISTORY 

The Study oe Plant Communities, An Introduction 
to Plant Ecology. 

By Henry J. Gosling. W. E. Freeman and Company^ 

San Francisco. $4.50. 389 pp. 1948. 

Professor Costing, of Duke University, writes from a 
sound background of training, teaching, and research. 
Like most busy men, he has learned to express himself 
simply, clearly, and directly. In consequence, he has 
produced, not merely a learned compilation, but a 
functional book, of which he might honestly say, ‘‘All 
of which I saw and part of which I was.” 

The book begins with a brief analysis of the nature of 
ecology, then considers at some length the nature of the 
community and the ways of getting at its stmeture and 
composition. A third group of chapters deals with the 
environment, a fourth with the processes of the com¬ 
munity, and a final section deals with applied ecology. 
The illustrations are numerous and excellent, the 
discussion well balanced, and the references are numer¬ 
ous and good enough to give a generous introduction to 
the whole subject. 

This reviewer has elsewhere (Ecology j 30: 109. 1949) 
indicated a few matters of fundamental theory which 
deserve more attention than they get. This is actually 
more of a comment on the current state of ecological 
thought than a valid criticism of this valuable book. 
For students well grounded in anatomy and physiology 
it will serve as an adequate textbook. For others, 
it might well be combined with the revision of Cowles 
Ecologyy or used in conjunction with Daubenmire’s 
Plants and Emironmeni. 

Paul B. Sears 



The Soil and the Sea. A Symposium. 

By Julian Huxley^ Anthony Barnett, Sir John Boyd 
Orr, Brian Vesey-Fitzgerald, Winifred BremhUy, Rich¬ 
ard Clements^ Hugh B. CoU, George Smith, J. D. U. 
Ward, James Gray, J. A. Scott Watson, F. E. le Or os 
Clark, L. Harrison Matthms, Gordon Haskell, M. K. 
Sekwitzer, David T. Gauld, D. P. Hopkins, C, M. 
Yonge, and H. C. Long; edited by Trevor /. Williams. 
Saturn Press, London. 10s. 6d. 242 pp,; ill. 1949. 
While the subtitle of this book is “a symposium” 
actually it appears to be merely a compilation of 



NEW BIOLOGICAL BOOKS 


69 


articles from popular Britisti magazines by well-known 
British scientists and writers. While many of the 
articles are stimulating and contain at least much 
interesting and at times useful information, there is 
lacking any sense of that unity which could be ex¬ 
pected from the subtitle. The only original article 
appears to be the introduction by Trevor I. Williams. 
The other articles and authors are: Science and the 
Farmer (J. A. Scott Watson); The Scientists’ Guide to 
Global Food (F. E. leGros Clark); Chemical Stimulants 
for Crops (Richard Clements); Weeds of Cornfields 
(Winifred E. Brenchley); Chemurgy—New Uses for 
Farm Crops (M. K. Schwitzer); Seeds and Civilization 
(Gordon Haskell); Crops without Soil (D. P. Hopkins); 
Forestry Today (Sir John Boyd Orr); Seeds of the 
Forest (J. D. U. Ward); The Influence of Man on 
Marine Life (C. M. Yonge); Whales and Whaling (L. 
Harrison Matthews); Artificial Fertilisers in Fish Farm¬ 
ing (David T. Gauld); Species and Evolution (Julian 
S. Huxley); Migration of Vertebrate Animals (James 
Gray); The War against Rodents (Anthony Barnett); 
Fair Fowl and Foul Fare (Hugh B. Cott); The Senses of 
Bats (Brian Vesey-Fitzgerald); Moulds and Tropical 
Warfare (George Smith). One startling suggestion is 
that the sea should be fertilized in order to get more 
fish from it for human use. This is the opposite of 
suggestions of certain conservationists who hope that 
we can recover from the sea more of the essential 
elements which we need for fertilizing our land crops 1 
Robert L. Pendleton 



Diagnostic Techniques tor Soils and Crops. Their 
Value and Use in Estimating the Fertility Status of Soils 
and Nutritional Requirements of Crops. 

Edited by Herminie Broedel Kitchen; prepared by 
Firman E. Bear, Roger B. Bray, Leland F. Burkhart, 
Jackson B. Hester, Bert A. Krantz, James E. McMur- 
trey, Jr., Ivan E. Miles, Werner L. Nelson, Michael 
Beech, J. Fielding Reed, Albert Ulrich and Silvere C. 
Vandecaveye. The American Potash Institute, Wash¬ 
ington, D. C. $2.00. xxiv + 308 pp.; ill. 1948. 
Almost anyone concerned with the production of plants 
or estimating the plant-producing capacity of soils can 
read this book with profit, at least considerable portions 
of it. It sets out the real problems and difficulties of 
endeavoring to estimate even roughly the fertilizer or 
other needs of any one soil for any one crop. Each 
section has a lengthy bibliography. Bear has written 
an excellent historical introduction, giving the history 
of the understanding of plant nutrition and telling how 
various researchers have endeavored to estimate the 
fertilizer needs better. Peech gives a critical review of 
the chemical methods now in common use for assessing 
soil fertility. The underlying principles on which the 
methods are based, and the advantages and disad¬ 
vantages of the methods, as well as their usefulness and 


limitations, are pointed out. Bray discusses the cor¬ 
relation of soil tests for crop response without fertilizers 
and with fertilizer requirements. With references to 
14 of his own papers, this is an important statement of 
the position of the leading soil fertility scientist in 
Illinois. He concludes that plant tissue tests are the 
solution to nitrogen control and gives two methods in 
detail. Miles and Reed describe how the North 
Carolina soil testing service operates and give many 
useful practical hints. Hester discusses the operation 
of an industrial service laboratory for analysing soil and 
plant samples, namely, that of the department of 
agricultural research of the Campbell Soup Company. 
He emphasizes that soil fertility in successful crop 
production cannot be over-stressed and that quality in 
the products used is of paramount importance to a 
processing industry. Krantz, Nelson, and Burkhart dis¬ 
cuss the use of plant tissue tests as a tool in agro¬ 
nomic research. They conclude that plant tissue tests 
are orie of the many aids that can be used to determine 
how to obtain optimum plant performance in any 
given environment, and that tissue tests should supple¬ 
ment rather than replace other tests and measure¬ 
ments. They describe at length the testing procedure 
for plants at various stages of growth, and discuss 
applications and interpretations. Ulrich presents the 
concepts of critical nutrient levels within the plant, 
and the theory of * limiting factors.” He gives the 
analytical methods used in his laboratory. Vande¬ 
caveye discusses biological methods of determining 
nutrients in soils, giving very useful comparisons on the 
lettuce and sunflower between Neubauer’s soil-plaque 
method and Niklas’ Aspergillus niger method. The 
laboratory techniques are set out in sufficient detail to 
enable them to be followed. His comparison of these 
with other methods is extremely useful. McMurtrey 
describes the visual symptoms of malnutrition in plants 
and presents some useful color plates of plants to show 
the effects of different deficiencies. This chapter in¬ 
cludes a key to plant nutrient deficiency symptoms and 
an extensive review of the literature, element by ele¬ 
ment, summarizing visual deficiency symptoms of 
plants, and giving the botanical names of most of them 
making the review useful internationally. A bibliog¬ 
raphy of 175 references is incorporated in this review 
alone. No one who is concerned with crop production, 
particularly where fertilizers or other soil amendments 
are used, can afford to be without a copy of this well- 
edited and beautifully printed book at hand. 

Robert L. Pendleton 



Large Was Our Bounty: Natural Resources and the 
Schools. 1948 Yearbook. 

Association for Supervision and Curriculum, Ikvdop- 
ment of the National Education Association, Washing,^ 
ton, D. a $2.50. 216 pp.; ilL 1948. 
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This is really a thrilling book and striking evidence of 
the dynamic attitude now taken by leaders of educa¬ 
tion. Its concern is with the development and use of 
our natural resources and with what schools are doing 
to make our use wiser. The chapter headings are: 
In What Direction Are We Moving?; Why Are We 
Concerned?; How Has Our Thinking Expanded?; 
What Principles Shall Guide Us?; What Are Schools 
Now Doing?; and How May We Move Ahead? An 
evidence of the openmindedness and progressiveness 
of the committee preparing this yearbook is the fact 
that they, professional educators, have dared to use 
even a little simplified spelling. To many of us the 
country school teacher typifies conservatism—she is 
the one who insists upon following the textbook, be¬ 
cause it has always been just that way. Not only does 
this book attempt to show the teachers how to relate 
students to their particular world but also how they 
can better lead their communities toward better appre¬ 
ciation of the essential and limited character of nat¬ 
ural resources, and hence why and how resources must 
be conserved. The book is well printed; the illustra¬ 
tions are excellent and to the point. The volume 
closes with a list of about 10,000 names and addresses 
of members of the Association. 

Robert L. Pendleton 



Limnological Aspects op Water Supply Am Waste 
Disposal. Publication of the American Association 
for ike Advancement of Science, 

Edited iy F, R. Moulton and Florence HUzel, Ameri¬ 
can AssociaUon for the Advancement of Science, Wash¬ 
ington, D. C, $3.25 (cloth); $2.75 (paper), vi -|- 
S7pp.;m. 1949. 

This slender volume consists of eight papers by eleven 
authors, dealing with such subjects as stream pollution, 
sewage disposal, and the biological effects of algal 
control Although the symposium “was designed to 
focus on the common meeting-ground of the sanitary 
en^eer and the hydrobiologist, it is, like all such 
efforts, spotty and incomplete. The most conspicuous 
gap is the lack of any discussion of the rationale of 
u^g our streams and tidal waters for the disposal of 
valuable materials which should be returned to the soil. 
A general statement of the biology of sewage plants 
would have made a good introduction. The most 
interesting papers for the biologist are those that deal 
with stream biota in relation to pollution. While these 
lepers will he of interest and use to those concerned 
with the general problems of sewage di^osal, the price 
a,Mt;MghTor\What is Ittle :;more'than an^ex- 
toided pamphlet. 


Field Guide por Birds, Wild Flowers and Nature 
Study. Grossed s Library of Practical Handbooks, 

By Leon A. Eausman, Grosset & Dunlap Publishers, 
New York. $1.00. xii A* 107 pp.; ill. 1948. 
Although not intended as a field guide for children, the 
simplicity of treatment and lack of detailed informa¬ 
tion places this volume in the category of primers. 
Since its few pages cover not only the natural history 
sides of botany and zoology, aquatic as well as terres¬ 
trial, but also geology, mineralogy, astronomy, and 
cloud formation, together with 400 illustrations, a 
cursory treatment is inevitable. As a consequence, it 
can scarcely be considered a contribution to our natural 
history literature, 

C. P. Swanson 



The Natural History or Mosquitoes. 

By Marston Bates. The Macmillan Company, New 

York. $5.00. xvi + 379 pp. 4- Id plates; text ill 

1949. 

Marston Bates has assigned himself a very difficult task 
—to bring together in one volume an account of the 
natural history of nearly 2000 species of mosquitoes, 
widely distributed throughout the world. When one 
recalls the vast and complicated literature dealing with 
mosquito biology, bionomica, disiribulion, taxonomy, 
etc., the author is to be congratulated for his bravery 
in undertaking such a work. In the introductory 
chapter, he has outlined the problems before him and 
defined the objectives he had in mind. He has adopted 
the term Natural History order to emphasize a 
broad approach to a limited group of animals.^’ He 
defines it as not only including the somewhat modem 
science of Ecology, but also the analytical work of the 
laboratory—in other words it ‘includes both the field 
and laboratory study of living organisms.’^ *‘Field 
observations of the behavior of single organisms or 
of the interrelations of communities of organisms can 
hardly be interpreted without laboratory analysis under 
conditions where experimental techniques can be ap¬ 
plied,” states the author. In this book the author has 
attempted to restrict lumself to the disciplines of 
ecology and physiology, though throughout the empha¬ 
sis is mainly on behavior. 

It is not possible to review adequately such a com¬ 
pendium of information as is gathered here from 
published works and the extensive experiences of the 
author in the field of mosquito biology. A brief list¬ 
ing of the chapters will give the best idea of its contents 
and the arrangement of the subject matter* The 
author begms his analysis with a study of the adult 
mosquito, devoting Chapters 11 to V to the various 
aspects of adult activities, such as environment, sur¬ 
vival and di^errion, behavior, and food habits. 
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Chapters VI and VII are devoted to the discussion of 
egg development in the female and the characteristic 
oviposition habits of mosquitoes in general, with brief 
accounts of the various types of eggs. Chapters VIII 
to XI are concerned with the larval stage, and stress 
such topics as environment, physiology and behavior, 
the biological characteristics of aquatic life, and finally, 
an attempt to classify larval habitats. The pupal 
stage is treated very briefly in Chapter XII, and the 
reviewer could wish a more detailed account had been 
given of the tremendous physiological activities which 
transform an aquatic larva into a delicate, wonderful 
mosquito within the space of two or more days. Chap¬ 
ters XIII to XV deal with the enemies of mosquitoes, 
and their relation to disease transmission to man or 
other animals (as transmission of viruses and plas- 
modia). In Chapter XVI, the author treads the 
delicate ground of the species problem and tries his 
hand at a solution of the mechanics of speciation, only 
to land, like most experts on speciation, in the doldrums 
of conjecture. In Chapter XVII there is a very sane 
and useful discussion of mosquito classification wherein 
the author, like the reviewer, deplores the vast number 
of described species that have had to be sunk into 
synonymy. Unfortunately, a good many of the so- 
called new species described within the past twenty 
years will probably have to be treated in the same 
manner. It would be well for our younger taxonomists 
to read and digest this chapter and to devote more of 
their energies to the study of Natural History, as 
defined by Bates. 

There follow a discussion of the faunal distribution 
of mosquitoes, an account of the methods of mosquito 
study, and a welcome chapter on mosquito research. 
The author closes with a list of the various species of 
mosquitoes (201 species) mentioned in the text, an 
excellent bibliography, and an index. 

Though the reviewer might point out some faults of 
omission or certain doubtful conclusions, it does not 
seem that such criticism would detract from the very 
valuable contributions of this work. The natural 
history of our northern mosquitoes of North America is 
treated very lightly, as might be expected, since the 
author's main research has been with anophelines and 
tropical species of mosquitoes. His viewpoint of the 
so-called mactdipennis group of North America is 
that adopted by Aitken (1945), although Vargas and 
the reviewer have pointed out several times that the 
so-called occidmtalu species of the East is a distinct 
species, both on morpholo^cal grounds and habits. 
Unfortunately, we have no authoritative distributional 
studies of the eastern species {Anopheles earlei Vargas) 
except that of the reviewer and that study extends west 
only to Michigan. 

This work of Marston Bates should indeed be in the 
hands of all workers concerned with mosquito biology* 


That taxonomists should beware of loading the litera¬ 
ture with new species about which little or nothing is 
known of the biology is a sound conclusion of the 
author. 

E.OBEB.T MaTHESON 



The Bee Huntee. 

By George Harold Edgell. Harvard University Press 

Cambridge. $2.50 49 pp.; ill. 1949. 

As a successful bee hunter of fifty years’ experience, 
G. H. Edgell, Director of Boston's Museum of Fine 
Arts, at length became sufficiently irritated with printed 
accounts of trailing wild bees to their tree hives that he 
drew together the present treatise. In some eleven 
thousand words he tells in detail and anecdote how to 
be successful at the art—^with expert hunting, from 
forty-three minutes up to two years being needed to 
locate an individual bee tree! The ^‘ostensible object 
is honey," but “it is the least of your rewards. The 
reward is when, after hours or days of trial and error, 
your eye catches the flash of wings in the tree and once 
more you are able to say checkmate in one of the most 
diflficult, complicated, and fascinating games in the 
world.'’ 

The brevity of this informal, amusing lecture some¬ 
how brought to mind Ellis Parker Butler’s Pigs is Pigs. 
Our copy of the latter is about the same physical 
size, also cloth bound—and cost us 25 Ten times 
that price seems high for three times the wordage. At 
$1.00, the art that Director Edgell extolls might have 
found more followers. 

Lortjs J. & Maegeey J, Mh-ne 



Life Rlstoeies of North Ameiucan Thrushes, 
Kinglets, and Their Allies. Order Passeriformesj 
Smithsonian Institution, United States National Museum^ 
Bulletin 196. 

By Arthur Cleveland Bent, Smithsonian InstUuiion, 

Washington, D, C, $1.50 (paper), viii -{- 454 pp. 

•f 51 plates. 1949. 

This seventeenth volume in the series of life histories of 
North American birds includes two families, that of the 
thrushes (robin, bluebird, wheatear, wood thrush, 
etc.) and that of the kinglets (gnatcatchers and king¬ 
lets). The same method of treatment as in previous 
volunSes is followed. One interesting feature of the 
present number is the inclusion of many species not 
commonly considered as North American birds, but 
appearing on the list because they are found, acci-* 
dentally or otherwise, in such remote areas as Al^a 
and Greenland. Thus the Iceland r^-winged thrush, 
the fieldfare, the European blackbird, the jBuropean 
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wheatear, the red-spotted bluethroat, and Midden- 
dorff^s grasshopper-warbler are included. These birds, 
however foreign they may appear to be, are accorded 
full treatment and are prowded with the usual amount 
of information. For those not familiar with Bent’s 
volumes, this information consists of: spring, nesting, 
eggs, incubation, young, plumages (of the young), 
food, behavior, voice, field marks, enemies, fall, winter, 
breeding range, winter range, migration, casual records, 
and egg dates. Some species have additional informa¬ 
tion about interesting banding records. The usual 
photographs and bibliography are present. 

Henri C. Seibert 



Maine Birds. Btdleiin of the Museum of Comparative 
Zoology at Harvard College, Volume 102. 

By Ralph S. Palmer; based largely on data gathered by 

Arthur Herbert Norton. Mtiseunt of Comparative 

Zoblogy, Cambridge. $5.00, 656 pp.; maps. 1949. 
Back in 1908 Ora Ejiight published the Birds of Maine. 
Since that date new information on Maine birds has 
accumulated in the literature, but hardly enough to 
have justified the present report had it not been for 
A. H. Norton, who, on his own, formed a file of some 
17,500 cards containing 60,000 entries relating to 
Maine birds. Norton was so busy during his lifetime 
that he never contemplated publishing his material, 
but fortunately bequeathed the file to Palmer. The 
latter has incorporated these data in the present publF 
cation. To this have been added his own observations 
plus information gathered from a careful survey of the 
literature. As a result, not only has the ornithology 
of Maine been brought up to date, but many of the 
records have been evaluated as to their reliability, and 
many of the old errors exposed. A recapitulation 
indicates that 339 species and 22 additional subspecies 
are authentic birds of the state. This excludes hypo¬ 
thetical, introduced, extirpated, or erroneously re¬ 
corded species. 

No attempt has been made to offer an historical 
background of ornithological work in the state, nor 
any discussion of its physical or vegetational features. 
For each species the subject matter is subdivided into 
a) general status, b) spring, c) fall migration, d) flight 
years or incursions, d) breeding, f) winter status, g) 
ecology, h) remarks. In the last subdivision there are 
often interesting comments on population changes 
ance EjiighFs time. (Naturally some species do not 
possess all these categories.) There is an index, along 
with three maps and a very extensive and apparently 
complete bibliography. Although there are large areas 
left in Maine where the bird life has never been studied, 
at least one can feel assured that the knowledge con¬ 
cerning what is known has been included in this report. 


Future workers in Maine can be thankful that a 
dependable reference is now available. 

Henri C. Seibert 



A Study of a Group of Penguins of Known Age. 
Biological Monographs, Number 1. 

By L. E. Richdale. Otago Daily Times and Witness 

Newspapers Company, Dunedin, New Zealand. 12s. 

6d. (paper), viii + 88 pp. -f 7 plates; text ill 

1949, 

Because of their appealing and amusing appearance, 
penguins are well knowm to visitors of zoological 
gardens, but not well enough to the ornithologist. 
This latter deficiency has been reduced in great part by 
the persistent labors of the present writer, a resident of 
New Zealand where some of the penguins live. This 
particular monograph is based on 12 years observation 
of yellow-eyed penguins which were banded as nestlings 
or juveniles, and whose exact age was known. The 
writer succeeded in banding 460 young, and the data 
on these birds provide considerable information about 
the breeding and related behavior of this species. 

It was found that there is a strong tendency for 
breeding birds to return to the same breeding place. 
Males tend to mate with females younger than them¬ 
selves, and fertility among young birds, especially the 
males, is low. Eggs of two-year old females are lighter 
and narrower than those of three-year olds, which in 
turn are lighter and narrower than those of four-year 
olds, the maximum weight and length being attained 
ill the fourth and fifth years. Clutch size is also 
smaller in younger birds. A tendency toward adoles¬ 
cent sterility was noted, since, out of 76 two-year old 
females, 48 per cent did not lay, 7 per cent did not 
complete incubation, and only 34 per cent of the eggs 
laid hatched. Among three-year old females laying 
for the first time, 67 per cent of the eggs laid hatched; 
among three-year olds laying for the second year, 83 
per cent hatched; and among eggs laid by four-year 
olds, 91 per cent hatched. Only one case of inbreeding 
was discovered—two birds from the same clutch 
mated and reared chicks. Unemployed birds (here 
defined as a bird without eggs or chicks at a time when 
other birds are so employed; such a bird may earlier 
have possessed eggs or chicks, and hence differs from a 
non-breeder) from a large proportion of the penguin 
population, up to 61 per cent of the total adults. 

These are but some of the results obtained in this 
valuable study. The pages are replete with tables 
(56 in all), each of which is ably explained. A general 
discussion at the end compares the breeding biology of 
the penguin with that of other species for which there is 
comparable information. Although limited in its scope 
to those penguins of known age, the amount of informa¬ 
tion extracted from the data speaks highly of the 
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author’s devotion through long hours in the field and 
of his astute powers of observation. 

Henri C. Seibert 



The Birds of Concord. A Study in Population 
Trends. New England Bird Studies^ II. 

By Ludlow Griscom. Harvard University Press, Cam- 

bridge. $5.00. xii + 340 pp. + 16 plates; text ill. 

1949. 

Here is something more than a mere compilation of a 
bird list from a selected region. Although 287 species 
and subspecies are recorded as having occurred in 
Concord, Assabat, and Sudbury River valleys of 
Massachusetts, this amazing total for a northeastern 
state is not the primary reason behind the publication 
of this book. Rather, it is a valuable comparison of 
the bird life, back to the 1860’s, with that of today. 
Nowhere else has an avian population been analysed 
for a period extending some 80 years. This feat was 
made possible by the voluminous notes of William 
Brewster, whom the author considers to have been a 
field ornithologist without peer. Since Brewster’s time 
others have worked the region regularly, witli the result 
that a continuous record is available. 

The introduction gives a detailed account of the 
source material upon which the succeeding discussion 
is based. The latter is divided into Part I, Population 
Trends, and Part II, Birds of the Concord Region. 
Part I considers basic factors, such as geology, climate, 
vegetation, and the effects of civilization. It is con¬ 
cluded that static populations for any length of time 
are impossible because of major and minor climatic 
cycles and attendant shifts of vegetation and food 
supply. Human civilization is considered a factor as 
important as any other except major climatic changes. 
Declines and increases are discussed next, and here the 
myth of periodic jductuations is further punctured; the 
periodicity is merely a mathematical average which 
does not correspond with the facts. Crashes are due 
to a complicated pattern of various causes, from which 
the species affected normally recovers. Only when 
human interference is an added agent does the popula¬ 
tion decline last for a long period. The erratic status of 
many species is described in detail and analysed for the 
causes behind the shifts. Some are inexplicable at 
present, e.g., the decline of the indigo bunting and 
nighthawk. Others can be correlated with changes in 
vegetation or habitat, or to reduced hunting (egret) 
or loss of food supply (brant). The severe hurricane of 
1938 destroyed most of the large trees, and its effect on 
tree-hole nesting birds is still being felt. Griscom feels 
that these are all minor or temporary changes and that, 
because of the adaptability of birds in general, the 
populations will return as soon as the unfavorable 
circumstances are ameliorated, provided of course, 


that somewhere there is an oveifiow population to 
provide a nucleus from which the species can spread. 

The second part is concerned mostly with the present 
status of the bird fauna and includes statistical data on 
breeding birds. The systematic list follows. A bib¬ 
liography, index, and photographs of birds are in¬ 
cluded. 

This volume is the second in the series (Birds of 
Nantucket being the first). The discussion in the 
present volume is of a more general nature and is 
applicable to birds everywhere. Anyone interested in 
animal populations should read this report carefully. 
It affords an intelligent and reasonable interpretation of 
population dynamics that is probably applicable to 
many other groups of animals besides birds. The 
reader will thereafter be cautious in the use of terms 
like ‘‘periodic cycles,” “disasters,” “booms,” or “abun¬ 
dant.” It has been clearly demonstrated in the 80 
years of this record that a species may increase or 
decrease twice, and even three times, so that a fluctuat¬ 
ing population is the normal population, whatever the 
causes underlying that fluctuation may be. It had 
best be borne continually in mind, therefore, that there 
is no set base-line or norm for making comparisons. 

Henri C. Seibert 



Mammals of Lake Tahoe, 

By Robert T. Orr; illustrated by George and PairUia 
Mattson. California Academy of Sciences, San Fran¬ 
cisco. $4.00. xii 4- 127 pp.; ill. 1949. 

This book, dedicated to the memory of the naturalist 
James Moffitt, realizes a prolonged ambition of the 
author to write about an area that he has known for 
many years. The realization of the wish has pro¬ 
duced a fine book that satisfies its purpose not only 
of being valuable to the general reader who is interested 
in the Lake Tahoe area, but of being scientifically cor¬ 
rect as well. 

The life histories of the fifty-three Tahoe mammals 
included present a description of each animal, its 
general and local distribution, and pertinent informa¬ 
tion regarding its habits. Each animal is represented 
by an excellent, life-like sketch, accompanied in some 
instances by a figure of its tracks. 

In addition to the life histories, special sections of 
the book give a brief history of the Tahoe area, a 
description of its general physical and ecological fea^ 
tures, an explanation of the methods used in classifying 
mammals in general, and a very workable, convenient 
key to the mammals of the lake region. A topo¬ 
graphical map of the Tahoe area is to be found inside 
the back cover; and a glossary and list of references 
complete a book that the reviewer recommends with¬ 
out reservation to all readers interested in the subject, 

' John Chshino 
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Annales Biologiques. Cofiseil Permanent Interna- 
iional Pour FExploration de la Jifer. Volume IV, 
Edited by E, Blegmd; with the assistance of A a. J. C. 
Jensen. Andr. Fred. H^st & Fils, Copenhagm. 
Kr. 18.00 (paper). 152 pp.; ill. 1947. 



EVOLL^TION 

Psiscis BES D:^C0TJVERTES SolvaOLOGIQUES. 

By C. 5. Rafinesque. Peter Smithy New York. $4.00. 
iv + 56 pp. [1814]; 1948. 
reprint of one of Rafinesqne’s earlier attempts to 
establisli a system of classification for both animals 
and plants.” His feeling was for a natural rather than 
an artificial system and, as he believed that races, 
varieties^ and even species were evolving rapidly, he 
tended to split Ms taxonomic groups as he thought 
nature was doing. In this work he described 110 new 
species of animals and 79 new species of plants. His 
descriptions were characteristically inconsequential and 
he was successfully ignored by his contemporaries. 
His work, however, must now be considered seriously, 
thanks primarily to the efforts of E. D. Merrill, who 
wrote a brief foreword to this reprint. As more of 
Rafinesque’s rare works are made available in facsimile, 
it becomes easier for modern taxonomists to do justice 
to his remarkable, if erratic, contributions. 

CONW.4Y ZlRKLE 



Les Hommes Fossiles. Elhments de PaUontologie 
Surname. Third Edition. 

By MarceUin Boule; tmised by Henri F. Vallois. 

Masson ei Cie., Paris. 1500 fr. (paper), xii + 587 

pp.; m. 1946. 

The last previous edition of MarceUin Boule’s well- 
known and valuable treatise on human paleontology 
appeared in 1923. The interval of 23 years has wit¬ 
nessed the discovery^ of a great many important primate 
fossils, both human and otherwise, notably in China, 
Java, and Africa. The consideration of this material 
has greatly enlarged the text. Unfortunately, Boule 
did not live to complete this new revision, having died 
in 1942. It is fortunate, however, that the task of 
completion passed into the able hands of Henri Vallois, 
another eminent French student of fossil man. 

The book, however, remains that of Boule and is not 
at all of Vaiois. For the latter has faithfully followed 
Ms predecessor's arrangement and presentation of 
material, and one stiE finds Boulezs old interpretations 
throughout. That Vallois does not always agree with 
Boule is evident from the preface written by the former 
*r-thus, for lie'speaks'of the' fossil men of' 

Mount ' Carmel'' ^and ■ 'Eafaseh ''as; 'forms intermediate' 
between Heand^fhal and of 


Solo man as a type intermediate between Pithecanthro¬ 
pus and Neanderthal man. In this he is in agreement 
with the late Franz Weidenreich. The text, however 
presents the old conclusions of Boule—that Pithe- 
canfhropus and Neanderthal man are the terminal 
representatives of distinct and extinct branches of the 
hominid stem. It remains for the future to determine 
wMch of these interpretations is nearer to the truth. 
A case can be made out for both. 

As for the Australopithecines, Boule has not accepted 
the verdict of their discoverers that they are directly 
ancestral to man. He regarded this declaration as 
premature, and was also skeptical of the conclusion 
that these animals were erect bipeds. Although he 
regarded the Australopithecines as true anthropoid 
apes, he admitted that they are the most manlike yet 
discovered, being in certain characters intermediate 
between the Dryopithecines and modern man. 

This edition represents MarceUin Boule’s last will 
and testament, and it will be duly valued as such. As 
already noted, Vallois appears to have recognized this 
and consequently has resisted the temptation to add 
post mortem codicils. That he saw fit to complete 
the revision essentially as Boule would have done, the 
reviewer for one is grateful. But he would also be 
grateful for a yet newer edition, or perhaps a separate 
work, in which Vallois will permit himself the full 
expression of bis own views. 

William L. Straus, Jr. 



A New Theory oe Human Evolution. 

By Sir Arthur Keith. Philosophical Library^ New 

York. $4.75. x + 451 pp. 1949. 

Sir Arthur Keith, the author of A New Theory of 
Human Evolution, has long been distinguished as an 
anatomist and physical anthropologist. He has con¬ 
tributed prolifically and substantially in both these 
categories, and he has intrenched his authority by the 
success of his charming popularizations. Now in his 
80's, he has once more given to the public a summation 
and revision of his ideas on the origin, evolution, and 
differentiation of mankind, subjects on which he has 
frequently written in the past. 

It is impossible in a short review to set forth all the 
details of Sir Arthur's hypothetical edifice or to ex¬ 
amine extensively the ramifications of even some of his 
leading ideas. I must, therefore, content myself with 
a summary exposition of Ms main theses and a brief 
appraisal of their validity. In so far as human evolu¬ 
tion is concerned, Sir Arthur has combined current 
concepts m the significance of isolation mid terri¬ 
toriality with his own version of psychological instincts 
deeply rooted in human nature. He envisages as a 
necessary condition in the primal (pre-agricultural) 
stage of human evolution a ‘Myriad*’ of small in- 
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breeding population units, isolated genetically, fixed 
in space over very long periods of time, bound in¬ 
ternally by a ‘'consciousness of kind” and fiercely 
competitive with adjoining groups. The psychological 
"bias” essential to maintain such conditions favorable 
for evolution is developed at great length and is 
ramified into morals (codes of amity and of enmity), 
patriotism, loyalty, leadership, allegiance, cooperative¬ 
ness, hate, enmity, cruelty, resentment, and revenge. 
These psychological factors are regarded as basic 
qualities with which emergent man was equipped and 
which served an evolutionary purpose by isolating the 
original breeding groups from one another and thereby 
allowed superiority of genetic endowment to survive 
intact and to permit favorable mutations to be pre¬ 
served and dispersed rapidly within the group. The 
psychological aspects are especially stressed, since they 
are used subsequently to account for various phases of 
race. 

This conception, compounded in detail of sound ob¬ 
servation and undemonstrated assumption, is far from 
being completely convincing. If one goes to the same 
sources that served Sir Arthur, it is possible to argue 
that isolation was not as generally characteristic of 
these small primal groups as he finds necessary for his 
h 3 q>othesis. The absorption of the women of a de¬ 
feated group, wife-stealing from neighboring bands, 
slavery, and the exchange of women for political 
purposes are widespread among the primitive folk who 
also provide Sir Arthur with his contrary illustrations. 
Moreover, the distribution of gene frequencies strongly 
suggests a long history of interbreeding as ivell as in¬ 
breeding. The elaborate psychological apparatus which 
is developed here as an integral part of the mechanism 
that controls human evolution requires far more support 
before one can accept it entirely despite the cogency of 
some of its elements. 

In the sections that deal with the fossil record of 
man’s evolution, Sir Arthur has made a number of 
radical revisions of his earlier views. He considers 
Africa as the cradle of the humanoid stock, which he 
now thinks became differentiated from the anthropoid 
stem mainly by a process of foetalization. He regards 
the Bartians or Australopithicinae as the earliest 
forerunners of man and conceives of them as spreading 
throughout the Old World and subsequently undergoing 
local developments which have led to distinct geo¬ 
graphic races of mankind. These basic geographic 
subdivisions are Caucasian, Sinasian, Indoasian, Af¬ 
rican, and Australasian. Curiously, however, he still 
clings to PEtdown Man, But since he has difficulty in 
deriving him from the Bartian base, he assumes that 
this fossil type of man had an origin from an orang-like 
stock, an assumption which has the aspect of a deus ex 
macMna. 

The final portion of the book is devoted to the origin 
of modem races, and the role of nationalism in race 
making. Presart-day nationalism is seen as ^ out¬ 


growth of the original small breeding bands, and as a 
focus for the same psychological characteristics that 
governed human evolution in the past. In this view, 
then, nations are the modern mechanisms by which 
evolution is advanced and races are created. As in the 
earlier sections, assumption is built upon assumption 
with bewildering ease, and contradictions plague the 
reader. I found, for example, that "race” was used in 
a variety of ways. When the author attempts to 
distinguish his concept of race (described as 
"passionate”) from the conventional one corresponding 
to the generally accepted systematic usage, he produces 
a difference without a meaning. At one point, the 
Scots are described as a race distinct from other 
groups in the British Isles, yet elsewhere he admits 
that he cannot distinguish them physically from other 
Britons! Although inbreeding is a cornerstone of Ms 
conception, Sir Arthur himself produces from Scotch 
as well as from other national, and consequently, in Ms 
view, racial history, abundant evidence to prove that 
modern European nations are conglomerations of various 
strains revealing a vast amount of interbreeding. It is 
distinctly curious that the role of interbreeding should, 
therefore, have been so carefully ignored by Mm as a 
significant factor in human evolution, and in the genesis 
of racial differentiation. 

Haery L. Shapiro 



Stratigraphy and Fatxna of the Agua Salada 
Group, State of Fai.c6n, Venezuela. The Geo¬ 
logical Society of America Memoir 32. 

By H. H. Renz. The Geological Society of America, 
New York. $2.75. x -f 219 pp. + 12 plates -f 1 
chart; text ill. 1948. 

The fauna described is composed entirely of smaller 
(that is, ordinary) foraminifera of late Tertiary age, 
wMch are beautifully illustrated by pen-and-ink draw¬ 
ings, variously magnified from X 22.5 to X 49. In 
the taxonomic treatment Cushman’s classification is 
followed, though genera are arranged in alphabetical 
order, and only in the ecologic treatment of geo¬ 
logically different faunules has Cushman’s classification 
in families been followed. Out of 239 described and 
catalogued foraminiferans 4 are new, while 55 other 
species and varieties were previously described as new 
from the same localities by Cushman and the author. 

Whenever more than one specimen of a ^ecies is 
illustrated, considerable variability of most species is 
at once evident, and thus a critical reader interested 
in the Foraminifera gains a broader mental concept of 
the species surpassing the elegant sketches of the 
specimen selected to typify them. The most complete 
data on the variability of the ^ecies ate 
given for' LMmsMa ^ 

, hampmoSusy ' Mohtdm ' wleri,' M. 

'and'^pth^' '.spe€i^r'"wMch'' 
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and Renz themselves established among the local 
fossils. 

No consideration is given to dimorphism in any of 
the descriptions, and hence in this respect the work is 
behind the new trend in the biologic treatment of 
fossil foraminifera, a trend which is gradually gaining 
momentum. Aside from this, Renz’s work has many 
good points. Information and discussion concerning 
ecologic, stratigraphic, and geographic aspects of each 
species are perhaps the most commendable and useful 
parts of the publication. The author rightfully empha¬ 
sizes the necessity of an ecological approach in the 
comparative study of fossil and living foraminiferans, 
and he himself utilizes skilfully the available empirical 
and generalized data of foraminiferai (and other) 
ecology in modem seas. 

M. K. Elias 



GENETICS AND CYTOLOGY 

Genetics in Swedish Forestey Practice. 

By Beriil Lindquist, Svenska Skogsvardsforeningens 
Forlagj Stockholm; The Chronica Botanica Companyj 
Waltham, Massachuselis, $3.50 (paper). 173 pp.; 
ill. 1948. 

The application of genetic principles in forestry practice 
has made remarkable progress in Sweden during the 
past decade. This accomplishment is traceable in large 
measure to a unity of purpose resulting from a more or 
less amicable truce declared between the environ¬ 
mentalists, that is to say, the classical silviculturists, 
and the geneticists. To the advantage of Swedish 
forestry practice these opposing factions early realized 
that, quite as much as the organisms they discussed, 
they were in fact mutually interdependent and that in 
the broad sense their arguments attributing superior 
roles to the environment or to the genotype were 
meaningless. 

It may be readily appreciated that the logical path 
of approach in a forest-tree improvement program is 
to take immediate steps to preserve from destruction 
the best of the wild extant genotypes in various ecotypic 
zones. With such gene reservoirs established, current 
local planting demands may be supplied with what may 
at least be considered to be the best of the wild stock 
available. In addition, and what is of greater ultimate 
importance, the perpetuation of such desirable gene 
combinations for future recombinations in breeding 
studies may be assured. It is in this initial phase of 
the application of genetic principles to forestry practice 
that Lindquist has been most active, and it is with 
this that his book is primarily concerned. 

The numerous special problems introduced in tree 
breeding programs, due to the Targe unit size of the 
ihaterial involved, the long time between sexual and 
v^etative maturity of succeeding generations, and 


the consequent necessity for comparatively long-term 
progeny tests, have been adequately described by the 
author. It is indeed these very problems which have 
stimulated the intensive application of the idea that it 
is genetically and economically good sense to utilize 
phenotypically dlite parental trees and stands as 
current seed sources and breeding stock while their 
genotypes are at the same time being assessed by 
long-term progeny tests. 

Lindquist’s discussions of the role of genetics in 
silviculture are tempered by reasonable and justifiable 
claims for its possible contributions. Silviculturists 
will be pleased to read that: “(one should) ... not let 
the thought of heredity obscure the fact that environ¬ 
mental conditions generally are and will be the domi¬ 
nant factors for the development of high-grade lumber 
in our forests.” 

The book is well organized, and the material is 
presented in a non-technical manner designed to 
appeal to the forester who may be unfamiliar with 
genetic terminology. Numerous excellent half-tone 
photographs have been used to advantage. These are, 
in some instances, more provocative than the text. 
It is to be regretted that specific citations to the litera¬ 
ture have not been made, although the contributions 
of various investigators are in a general way often 
mentioned. 

The realistic approach of the Swedes to forest-tree 
genetics problems is especially worthy of note to Ameri¬ 
can foresters; and if this book accomplished nothing 
more than further to encourage American silvicultural 
thought to recognize the possibilities of genetic varia¬ 
bility below the level of the species in our own trees, 
it will have accomplished a most worthwhile objective. 

Scott S. Pauley 



Haemoeuli I Danmark. En KUnisk, Eaematologisk 
og Aroehiologisk Unders^gelse aj 63 BaemofiUslaegter, 
With an English Summary, Opera ex Domo Biologiae 
Herediiariae Eumanae Universitatis Eafniensis, VoL 
ume 6. 

By Mogens Andreassen. Ejnar Munksgaard, Copen¬ 
hagen. Kr. 10.-~(paper). 168 pp.; ill. 1943. 

The author has reported here the results of a compre¬ 
hensive study of the genetics of hemophilia as seen in 
Denmark. The clinical and laboratory bases for the 
diagnosis of hemophilia are discussed in a manner that 
gives confidence in the validity of the cases the author 
presents. By means of widespread medical inquiry, as 
complete a roster as possible was established of all 
cases of hemophilia which had occurred in Denmark in 
the immediate past. Information was obtained con¬ 
cerning a total of 205 hemophiliacs in 63 different 
families; 81 of the hemophiliacs were living at the time 
of the inquiry. The average age at death of hemo- 
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pMiiacs was estimated to be 18 years, about one-tMrd 
that of normal males. The evidence for the sex-linked 
inheritance of hemophilia is discussed. In particular, 
it is shown that in this material among the male 
children of women who should be heterozygous for 
the hemophilia gene because their fathers had the 
disease, there are 21 normal and 18 hemophilic sons, 
excellent agreement with the expected 1:1 ratio. The 
frequency of hemophilia in the Danish population is 
estimated to be 0.00013. The fecundity of hemo¬ 
philiacs is placed at 0.57 that of normal. From the 
foregoing figures the average frequency of mutation 
for hemophilia is estimated at 0,000019 per chromosome 
per generation. The w^eakest spot in this calculation is 
the estimate of the mean fertility of hemophiliacs, but 
even if some revision of this is made, the order of 
magnitude of the mutation rate will probably not be 
altered. The author found that 30 our of 31 mothers 
of hemophiliacs showed a definite prolongation of 
coagulation time, an extremely significant demon¬ 
stration both from the standpoint of further studies 
of the population dynamics of hemophilia and also 
because of the practical problem of predicting where 
hemophilia may be expected to occur in any kindred. 
This is an excellent study, 

James V. Neel 



The Etiology of Deaf-Mutism, With Special Ref- 
erence to Heredity. Opera Ex Do mo Biologiae Heredi- 
tariae Humanae Universiiatis Eafniensis. Volume 8. 
By Harold Lindenov. Ejnar Munksgaard, Copen¬ 
hagen. Kr. 25.00 (paper.). 268 pp. 1945. 

This monograph reports the results of a large-scale 
investigation into the heredity of deaf-mutism. The 
introductory chapters are devoted to a discussion of 
the etiology and differential diagnosis of acquired and 
“idiopathic’^ deaf-mutism, and an extensive review of 
the voluminous past work on the genetics of the 
“idiopathic” form of the disease. The author’s own 
material is composed of (1) 32 families in which deaf- 
mutes occurred, and in which as many members as 
possible of the families were studied by the author 
personally, and (2) 480 unselected deaf-mutes who were 
examined and from whom a family history was ob¬ 
tained, but with no examination of relatives of the 
propositi. No objective clinical finding which would 
serve as a certain means of differentiating between 
“idiopathic” and acquired deaf-mutism could be dis¬ 
covered. A careful history is thus the most reliable 
means of making the differentiation, and even this is 
not infrequently inadequate. No physical peculiarities 
were discovered that distinguish the deaf from the hear¬ 
ing members of families. It is estimated that 45.5% 
of deaf-mutism in Denmark is “idiopathic” and prob¬ 
ably hereditary, the reminder being acquired. There 


is no apparent sex predisposition to the disease. The 
hereditary disease appears to be of at least two types, a 
minority representing a “heredolabyrinthic deaf-mut¬ 
ism,” and a majority representing an undifferentiated 
t 5 ^e which may be genetically complex (see below). 
Consanguinity of the parents was significantly in¬ 
creased in the parentage of the “idiopathic” deaf- 
mutes (9.7%) as compared with the acquired deaf- 
mutes (2.2%) and the normal population (2.1%). 
The author’s own material is insufficient to determine 
the mode of heredity of the heredolabyrinthic type; in 
the literature it is usually described as a dominant. 
The familial distribution of the remaining idiopathic 
cases is consistent with simple recessivity. It was 
felt that the present data provide evidence for a 
familial predisposition to acquired deaf-mutism. The 
reviewer would hesitate to accept this finding as having 
a genetic significance. Retinitis pigmentosa was so 
frequently present in deaf-mutes that the association 
cannot be ascribed to chance, and is thought to be due 
to a particular recessive gene responsible for both 
deafness and retinal disease. There are thus probably 
at least three genetic types of “idiopathic” deaf- 
mutism. Possible eugenic procedures are discussed. 
This is a sound and thorough piece of work, docu¬ 
mented in the extensive manner we have come to expect 
of publications from the University Institute of Human 
Genetics of Denmark. 

James V. Neel 



GENERAL AND SYSTEMATIC BOTANY 

Allgemeine Botanik. Ein Lehrbuch Auf Verglekh- 
end-Biologisher Grundlage. 

By Phil. Wilhehn Troll. Ferdinand Enke^ Stuttgart. 

DM 60.00 (cloth); 56.00 (paper), xviii + 749 pp.; 

m. 1948. 

For the beginner facing the exciting challenge of a 
career in botany, and confronted, too, with the double 
necessity of mastering an important foreign language 
and of acquiring the basic principles of his science, 
there is no better prescription than the persistent 
reading of a good German text. For many decades 
there was scarcely a question as to what this should be. 
The Bonn textbook, fathered by Strasburger and 
amplified by his later collaborators, had no rivals. 

The modernization of American botanical teaching 
began with Charles E. Bessey’s frank adaptation of 
Sachs, and was furthered in original fashion by the 
Chicago textbook. It is not generally known that one 
of the best of our current textbooks was the fruit of a 
long ambition to produce “an American Strasburger.” 

The motif of the Bonn text has been from the par¬ 
ticular to the general, from the component to the 
organism. This is the method of research. It is the 
path of evolution. It seems eminently logical, if one 
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accepts the Cell Theory as meaning that the whole is 
the product of its parts. 

MeanwhilCj however, two powerful influences have 
entered the scene. One is the Organismal Doctrine. 
The other is the modern psychology of learning, which 
insists on the importance of proceeding from the 
known and familiar to the unknown. American text¬ 
books have for some time adjusted themselves to these 
new vie'wpoints. But the best of them, as sheer 
didactic, visual, and bookmaking performances, have 
never excelled and rarely approached the best of the 
continental works. 

Now comes Troll’s “General Botany,” which appears 
to have, on a first reading, the excellence of the Bonn 
textbook, although a more restricted coverage, and 
which begins with the plant as a w4ole, later developing 
the details of its structure and behavior. I can imagine 
no more profitable possession for the beginning special¬ 
ist, although I should not discourage him from having 
the most recent edition of Strasburger (mine is the 
22nd) on his shelf as well, 

Paul B. Sears 



Botaot oe the Canadian Eastern Arctic. Part 
Two, Thallophyta and Bryophyta. National Museum 
of Canada^ Bulletin Number 97, Biological S&ries Num¬ 
ber Z6, 

Compiled and edited by Nicholas Polunin, National 
Museum of Canada, Mines and Geology Branch, 
Department of Mims and Resources, Ottawa, $1.00 
(paper), vi 4* 573 pp. + 1 map; text ill. 1947. 
This volume of over 500 pages is an authoritative 
account of the algae, fungi, lichens, mosses, and 
hepatics, based upon reliable published and unpub¬ 
lished reports and from recent collections of an im¬ 
mense region of the Canadian Arctic. The work on 
the various groups has all been done by well-known 
experts in their fields, and we have as a result a fairly 
complete flora, if not of the vast Canadian Eastern 
Arctic, comprising as it does nearly a million square 
miles, yet, as the General Editor, Polunin, has aptly 
pointed out, of the few areas from which collections 
have been made. In other words, we know consid¬ 
erably more now about the kinds of Thallophyta and 
Bryophyta and their distribution within the region 
than, ever before. 

The chapter on the algae, exclusive of diatoms and 
marine phytoplankton, was prepared by Roy M, 
Tfeelden. Here are listed 103 of the Cyanophyceae, 
1 of the Heterokontae, 3 of the Chrysophyceae, 247 of 
the Chlorophyceae (184 of which are desmids), 3 of the 
Dinophyceae, 12 of the Thaeophyctee, and 9 of the 
O^odophyceae, Included aonong these forms, which 
were predominantly froip fre^ water, are many new 
records of occurrence both for Canada and for the whole 


of North America. Each species name is accompanied 
by a citation, pertinent synonyms, comments, and 
general and Eastern Arctic occurrence. This same 
format is followed throughout the volume. Like all 
others, the chapter is prefaced by a general account of 
previous work which has been done on the group in 
the area. 

The section on marine phytoplankton (121 species) 
was contributed by Gunnar Seidenfaden of Copen¬ 
hagen, and that on fresh-water diatoms (192 species) bj’- 
Robert Ross of the British Museum (Natural History). 
Of the 79 species of fungi carefully and critically studied 
by the late David H. Linder, six are new species. The 
section on lichens w^as prepared by the late Bernt 
Lynge of Oslo, and includes citations of 275 species. 
The mosses, second to the algae in number of species 
(304), w^ere treated by W. C. Steere, and the Hepaticae 
(78 species) was done by N. Polunin himself. Without 
question, this volume will be of immense value to those 
working in the area and its publication, although 
delayed nearly ten years by the war, should stimulate 
research of a similar nature in the Arctic. 

One cannot fail to be impressed by the numerous 
footnotes added chiefly by Polunin for all the groups 
treated. While in some instances these were necessi¬ 
tated by developments wliich occurred in the prolonged 
period between the time the manuscripts were received 
and the time of publication, in other cases they seem to 
be unwarranted intrusions by the General Editor on 
the conclusions and opinions of his collaborators, The 
end result is an aura of editorial meddling which 
detracts from the authoritative air such a volume 
should possess. 

F. K. Sparrow 



Die Pilze. GrundzUge Ikrer Entwicklungsgesckkhte 
und Morphologic. Lehrbilcher und Momgraphien aus 
dem Gehiete der Exakten Wissenschaften 19. ReUte 
der Experimentellen Biologic. Band IV. 

By Ernst Gdumann, Verlag Birkhduser, Basel. Sw. 
fr. 38.00 (cloth); Sw. fr. 34.00 (paper). 382 pp,; 
ill 1949. 

This excellent volume follows in the main the outline 
of the author’s earlier and more extensive book, 
Verglekhende Morphologic der Pike. 

After a brief preface, which includes a schematic 
diagram of Gaumann’s ideas on the phylogeny of the 
fungi, the first of the four classes (Archimycetes, 
Phycomycetes, Ascomycetes, Basidiomycetes) into 
which the fungi are grouped is discussed. Ail classes 
but this first one, the Archimycetes, follow the tra¬ 
ditional interpretation of the main fungus classes. 

In the Archimycetes we see once more, as in the 
previous treatise, organisms grouped together which 
possess, In contrast to “true fungi,” a naked vegetative 



NEW BIOLOGICAL BOOKS 


79 


phase that is converted as a whole into a reproductive 
structure. The resulting aggregation contains fungi 
with posteriorly uniflagellate zoospores (the Olpi- 
diaceae and Synchytriaceae), together with those with 
heterokont (the Plasmodiophorales) or with isokont 
zoospores (the Olpidiopsidaceae). 

Each family is briefly characterized, and its asexual 
and sexual cycle described. Although certain pertinent 
biological features, such as parasitism, etc., are some¬ 
times included, the strict limitation of the book to 
morphology has necessitated the omission of many 
interesting aspects of the fungi under discussion. Im¬ 
portant genera are discussed, but no detailed taxo¬ 
nomic account beyond the level of the family has been 
attempted. Following the Basidiomycetes comes a 
very brief summary of the Fungi Imperfecti. The 
volume terminates with an alphabetical list, by au¬ 
thors, of the literature cited, and an index. 

There are many outstanding features in Gaumann^s 
book. It is first of all a thoroughly up to date, concise, 
treatise on the morphology of the fungi, done in clear, 
readable German. The newer literature has been 
carefully surveyed and appropriately utilized in con¬ 
nection with what has gone before. Missing are many 
of the outw^orn, well-nigh classic figures of 19th century 
mycology. These have been replaced by illustrations 
from more recent papers. The figures themselves are 
uniformly accurate, excellently executed, and pertinent. 
It is to be hoped that an accurate translation into 
English will not ere long be forthcoming. 

F. K. Spaiirow 



Mosses of Guatemala. Fiddiana: Botany^ Volwne 
25, 

By Edwin B. Bartram. Chicago Natural History 

Museum^ Chicago, $4.00. vi + 442 pp.; ill. 1949. 
Based largely on material collected on several expedi¬ 
tions made to Guatemala by staff members of the 
Chicago Natural History Museum (formerly the Field 
Museum), this book is essentially a manual for the 
identification of the moss flora so far known from that 
republic. The author, who has already published 
similar treatments of the mosses of the Hawaiian 
Islands and of the Philippine Islands, has provided 
descriptions and original illustrations of 519 species in 
205 genera. Bryologists will find interest in such 
details as the full bibliographical citations, the reason¬ 
ably full listing of synonymy, and the citation of 
Guatemalan specimens seen. The non-spedalist will 
also be grateful for the keys to the genera of each family 
that has more than one genus, and for the keys to the 
species of each genus. The richness of the Guatemalan 
moss flora, with its 519 species, is most easily under¬ 
stood upon comparison with that of any of the United 
States, since no state, even the best known, has more 


than 400 species, and very few have as many as 300. 
Nevertheless, the author intimates that another 100 
species of mosses still remain to be discovered in 
Guatemala. This surprising wealth of mosses in a 
republic no larger than Tennessee or Virginia is ascribed 
to the great range of altitudes from sea level to perma¬ 
nent snow, the enormous variation in climate, rainfall, 
and vegetation, and the availability of rich floras on 
both the north and the south. 

The general biogeographer interested in the distri¬ 
bution of tropical plants will find data of basic phyto- 
geographical significance in the introduction to this 
hook and in the statements of the general geographic 
range of each species. The author recognizes three 
general groups of mosses, the lowland species of circum- 
Caribbean distribution, those species characteristic 
of the interior highlands, and the alpine species of the 
higher mountain summits, each group represented by 
its own special families. He then identifies several 
floristic elements and lists 26 species of a distinctly 
north temperate affinity, typical of the northern United 
States and Canada; 14 typical Andean species; 3 
tropical Brazilian mosses representing 3 genera new 
to North America; 23 well-known Caribbean species, 
found principally in the eastern lowlands; IS species of 
local mosses 'which extend north through Mexico to 
Arizona and New Mexico; and a smaller group of 6 
species that extends into California. The author has 
anticipated some criticism that the moss flora of 
Guatemala is too little known to justify the preparation 
of a manual in this form, and explains that his work is 
explorative. In spite of the faults of any pioneer 
study of a new area, cheerfully acknowledged here by 
the author, this book provides the first useful approach 
to the moss flora of any restricted tropical American 
area. 

William C. Sxeeee 



The Native Trees of Florida. 

By Erdman West and Lillian E, ArmU. JJnwersUy 
of Florida Press, GainesviUe. $3.75 (cloth); $3.00 
(paper), xx -f 212 pp.; ill. 1948. 

The native plants of Florida have long been of particu¬ 
lar interest to American botanists. Perhaps the prin¬ 
cipal reason is the large number of spedes of tropical 
distribution which are confined in this country to the 
Florida Peninsula. Among these the arborescent 
spedes form a conspicuous element. The present 
work, by two botanists of the Florida Agricultural 
Experiment Station, is concerned with such spedes, 
but also covers all native trees, induding those whose 
natural distribution embraces areas to the north of 
the state. 

Following a short introduction which indudes a 
useful county map of Florida diowing disttibution^ 
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areas, there is an artificial key leading to generic or 
family groups. No key to species is included, but this 
will probably lead to few difficulties in identification 
because of the relatively small number of species in 
each keyed category. Each species is presented on a 
single page, which includes a line drawing of foliage 
and floral structures, in addition to paragraphs giving a 
description, distinguishing characters, and general com¬ 
ment—the latter consisting of a few concise remarks on 
the geographical and ecological range of the species in 
Florida, its uses, and other pertinent information. A 
list of references, a brief glossary, and an index com¬ 
plete the book. The volume is attractively bound and 
well printed. It should prove most useful to an in¬ 
creasing number of students of Florida plants—both 
amateur and professional. 

Norman H. Giles, Jr. 



The Valley op Flowers. 

By Frank S. Smythe. W, W. Norton &■ Company, 
N&w York, $5.00. 325 pp. -h 16 plates; text ill. 
1949. 

The vastness and inaccessibility of the Himalayan 
mountains are enough to make any travelogue about 
them worth investigation. When spiced with botanical 
observations, as this book is, its value to the botanist 
and gardener is heightened by the fact that the Hima¬ 
layas are as rich in floral species as any section of the 
globe. A goodly proportion of our well-known garden 
species are native there, even though but a small seg¬ 
ment of the region has been adequately explored by 
plant collectors. A comparison of genera will also 
reveal the floral relationships of these mountains to 
those of the southeastern United States. These facts, 
however, are to be derived only incidentally from the 
chapters, for Smythe writes from the point of view of 
an amateur botanist, struck by the floral panorama as 
it shifts with altitude and with the seasons. Other 
than listing the species encountered, the scientific 
value of the book is slight. It will provide, however, 
an interesting evening's reading, 

C. P. Swanson 



ECONOMIC BOTANY 

UMITS AND LHE FaRMER. 

By Fnmi Sykes, Rodale Press, Emmaus, FennsyL 
'vmia, I4.50, xxii + 392 pp.; ill. 1949. 

The author is a successful English farmer who de¬ 
scribes in considerable detail his farming practices on 
the Salisbury plain, Wiltshire, and Ms reasons for per¬ 
forming them. His delightfully naive style has not 
been spoiled by a ^ost writer. On the other hand 
the book contains considerable correspondence, lecture 


comments, quotations, and other material which might 
well have been condensed. As the title would suggest, 
the author has devoted considerable space to discussing 
the making of composts and the importance of organic 
matter. He admits that with hand labor compost¬ 
making is prohibitively expensive on most, if not all, 
farms. He describes the mechanical contrivances which 
he has developed to reduce the amount of manual 
labor needed and so to make compost-making practi¬ 
cable on English farms. Being a devotee of the or¬ 
ganic school, the author vents some very strong and at 
times unreasonable opinions against the use of commer¬ 
cial fertilizers. Furthermore, his lack of scientific 
training leads him to be hyper-critical of the fertilizer 
trade and its standards of doing business. This book 
is interesting in that it shows how a resourceful and 
courageous farmer can adapt Ms farming practices to 
local needs and conditions, with great benefit to him¬ 
self; and this, rather than any scientific or technical 
suggestions that might be directly useful to Americans, 
is the principal value of the book to us. Because 
Sykes travelled in the United States during the height 
of the depression, his comparisons between British 
and American farming are hardly fair; yet he seems to 
be under the impression that such conditions as he saw 
still prevail in tliis country. Indeed, the book was 
actually written toward the end of the war, when Brit¬ 
ish farming conditions and controls, and their results, 
were very different from those prevalent in the United 
States during the depression. Though tlie halftone 
illustrations are disappointing, the book is nicely 
printed. The Rodale Press deserves credit for making 
available to American readers such unusual books as 
tMs. The glossary of peculiarly English farming terms, 
foreign to the United States or with different meanings 
here, is inadequate for the American reader. 

Robert L. Pendleton 



Make Friends with Your Land. A Chemist Looks 
at OrganicuUure, 

By Leonard Wickenden; foreword by Joseph W, 
Frazer; illustrated by E, W. Bartlett The Devin- 
Adair Company, Nm York. $2.50. x + 1^2 pp,; 
ill. 1949. 

TMs small book presents the opinions and experiences 
of an amateur gardener and devotee of the cult of or- 
ganiculture. The author claims that his main pur¬ 
pose is to demonstrate that organiculture is not based 
on black magic. At least he makes out a good case for 
the conservation of organic matter and its use in com¬ 
posts. In tMs he is undoubtedly justified, for there is 
no question but that as great a use of organic matter 
in all forms of gardening and agriculture as can be af¬ 
forded is to be highly commended and encouraged. 
On the other hand, perhaps because the author is a 
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chemist, his objections to the use of chemical fertilizers 
are weak. Yet more strangely, he does not seem to 
take very seriously the importance of minor elements 
in many soils and the necessity for applying them. 
While it is undoubtedly true that the use of metallic 
poisons against insect pests and for the control of plant 
diseases has led to the accumulation of serious quan¬ 
tities of poisonous substances in the soil, it is difficult 
to believe with the author that the generous applica¬ 
tion of organic matter instead of chemical fertilizers 
to the soil will so completely eliminate insect pests 
and diseases that spraying will no longer be needed. 
The attractive printing and binding of this small book 
is enhanced by its woodcuts and end-papers. But 
how much better it would have been if the author could 
have presented some halftones to illustrate some of the 
conditions he has described and discussed. 

Robert L. Pendleton 



Farm Soils. Tkdr Management and Fertilization. 
Fourth Edition. 

By Edmund L. Worihen. John Wiley & Sons, New 
York; Chapman & Hall, London. $3.80. xiv -{-510 
pp.; ill. 1948. 

Although this edition maintains the textbook style of 
the third, considerable new material has been added. 
A careful comparison with the third edition, page by 
page, shows at least slight revision on more than half 
the pages. References to experiment station publica¬ 
tions have been omitted. The treatment of soil ero¬ 
sion has been greatly expanded. Two new sections 
have been introduced, namely, on utilizing temporary 
pastures and on establishing poultry pastures. By 
implication, this book attempts to cover the soils of 
the entire United States. Actually, however, it is 
applicable mainly to the northeastern quarter of this 
country. 

Robert L. Pendleton 



^"SoiL Fertility. English Version of the Reuised Sixth 
Afrikaans Edition. 

By L de F. Malherbe. Geoffrey Cumherlege, Oxford 
University Press, London, New York, and Cape 
Town. $6.50. xii + 296 pp. 4- plates; text ill. 
1948. 

This is an extremely interesting book, written in South 
Africa for use there. It has been written (a) for high 
school pupils who have chosen agricultural science as 
one of their subjects for the matriculation or senior 
certificate examination; (b) for prospective young far¬ 
mers and soil-conservation officers who are attending 
the two-years^ diploma and other courses at the Colleges 
of Agriculture; (c) as an introductory reader for uni¬ 


versity students who follow degree courses in Agri¬ 
culture, Forestry, or Soil Conservation; and (d) for 
South African farmers of all ages who desire to increase 
their knowledge of the medium on which their pros¬ 
perity depends. As the author says, these are the 
people who have ‘to deliver the goods,* and they must 
accomplish this without leaving to posterity an im¬ 
poverished soil. Again and again one notes statements 
that phosphorus is usually seriously deficient in South 
African soils—evidently this deficiency is widespread 
and serious. 

This book is a refreshing change from the usual run 
of textbooks published on this same general subject 
in the United States. The translation into English 
has been done very well. If the price were not so high, 
it could be heartily recommended. 

Robert L. Pendleton 



A Handbook or Tropical Agriculture. 

By G. B. Masefield. Oxford University Press and 
Geoffrey Cumherlege, London. $4.00. viii -f- 196 
pp. 1949. 

Because of its comprehensive title this is a disappoint¬ 
ing book. Moreover, the price seems exorbitant. 
After reading it, the reviewer, who has had a quarter 
century of agricultural experience in tropical Asia 
wrote to the author concerning the inadequacies and 
shortcomings of the book. The author replied that 
his book was partly intended to serve as a textbook 
for colonial service students who are taking short courses 
at universities in England and who, while not agri¬ 
culturalists, have in a very short period to learn a little 
about tropical agriculture, with a strongly practical 
bias. He went on to say that his main job at the 
School of Agriculture of Oxford University is to teach 
such people. He also hoped that his book might be 
used in higher schools and colleges in Africa and other 
colonies. He added that students in England are 
nowadays very poor and in African colonies even more 
so. Hence the book had to be as cheap as possible, 
a factor which involved great condensation and such 
other restrictions as the absence of a bibliography. 
This also led him to draw his examples largely from the 
British colonies in Africa in greater proportion than 
from other areas. It is evident that even though this 
book may suffice for the purposes for which it was 
written, it cannot be recommended for North American 
readers nor for use in southeastern Asia. 

Robert L. Pendleton 



Mineral Dericiency in Plants on the Soils or the 
Ninety-Mile Plain in South Australia. Effect 
of Zinc, Cdppa^,(mdPkosphadeon SuMerrmean Cim^and 
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Lucerne Grown on Laffer Sand, near Keith, Councillor 
Scientific and Industrial Research, Bulletin Number 234. 
By D. S. Ricefnan. Council for Scientific and Indus¬ 
trial Research, Melbotirne. Free upon request 
(paper). 45 pp. + 16 plates. 1948. 

Tills publication shows the extreme complexity of the 
problem of supplying the widely differing needs of 
different species of pasture plants growing together in 
the relatively very infertile Laffer sand. The beneficial 
effects of certain elements were not obtained -without 
adding certain amounts of some other element or 
elements. But the interrelationships and amounts 
were found to differ for each of the important compo¬ 
nents of the pasture soil Sixteen halftone plates help 
one to understand the magnitude of the effects found. 
The overseas reader will feel the lack both of an appro¬ 
priate map of the region in relation to Australia as a 
whole, and of the botanical names of the several 
plants. 

Robert L. Pendleton 



Flowers in Winter. 

By Patrick M. Synge. Lindsay Drummond, London. 

15s. 122 pp. + 44 plates. 1948. 

Written by an Englishman for English gardeners, this 
book can be read with pleasure and profit by gardeners 
anywhere. It concerns itself with the perennials, 
bulbs, tubers, and shrubs w'hich, when judiciously 
used, can extend the flowering season into the winter 
months. To the American gardener, however, the title 
will be somewhat misleading, for many of the species 
discussed would be classified among our early spring 
rather than late winter flowers. Many, too, ■will not be 
hardy in our more northern states. The informed 
gardener will, however, recognize these discrepancies 
as due to the mildness of English winters while at the 
same time he will enjoy Synge^s light, but discriminat¬ 
ing, style and his excellent photographs. The colored 
plates are not on a par with the monochromes. 

C. P, Swanson 



The Gardener^s Travel Book. The Massachusetts 
SprPkultural Society. 

' By Edward I. Farrington. Oxford University Press, 

Nm York $4.00. x + 278 pp. -f 32 plates. 

1949. ' 

To the gardener who combines a love for travel with a 
love for gardening, this is a unique and invaluable 
volume. It is an index of the gardens of the United 
S^tes, Canada, and Mexico, arranged alphabetically 
as to states and locations within states. But it is also 
much more than an index. In his descriptions of 
gardens, public and private, as well as commerdal, 


Farrington has included a wealth of information on 
specialty plantings, availability to visitors, height of 
blooming season, etc., information -which will permit the 
'motoring gardener to plan an itinerary peculiarly 
suited to his desires with the least inconvenience in 
distance and time. Included are some sixty black-and- 
white photographs of excellent quality, depicting some 
of our most outstanding garden spots. 

C. P. Swanson 



GENERAL AND SYSTEMATIC ZOOLOGY 

Precis de Biologie Animate. Third Edition, Re¬ 
vised and Corrected. 

By M. Aron and F. Grassi. Masson et Cie,, Paris. 

1100 fr. viii -f 1235 pp.; ill. 1947. 

The preface to this third edition states that because of 
the recent war, access by the authors to foreign publica¬ 
tions in biology was difi&cult and at times impossible. 
Therefore this edition has not undergone any profound 
alterations, although certain paragraphs and even some 
chapters have been revised. The contents are divided 
into five parts: a) the cell and general phenomena of 
reproduction; b) cellular physiology; c) the life of 
organisms in a state of equilibrium; d) the animal 
groups; e) the evolution of organisms. Each of these 
is further subdivided into chapters. The coverage is 
broad, and the reviewer admits quickly and frankly 
that he hasn’t read all the 1235 pages of the text. 
Examination of a chapter here and there has failed to 
reveal any major deficiencies that would have resulted 
from the writers’ overlooking any of the more recent 
discoveries. Rather, the treatment is most up to date 
(e.g., Australopithecus, Meganthropus, and Gigan- 
topithecus are included in the evolution of the Primates), 
especially when compared to many American text 
books. Indeed, it proves difficult to find a basis for 
comparing the present volume with certain standard 
American zoology text books. The amount of material 
included by Aron and Grass6 is too great for any one 
year’s work. It is more of a compendium of a full four 
years’ major in zoology in this country (plus some 
graduate level work). Consequently it combines what 
we can find only in several textbooks for different 
courses, a sort of expanded combination of a ‘‘Plunkett’’ 
and a “Hegner.” One wonders where such a book 
would fit into our zoological training system. There is 
no doubt that a candidate for an advanced degree, were 
he to read this one volume, would be prepared for any 
sort of examination. Naturally, each major topic fails 
In completeness of detail; and some fields, like ecology, 
are not even mentioned. On the other hand, it is 
convenient to have so much information all in one 
place, including, in spite of the broad field to be covered, 
bits of information not common in textbooks. There 
are 719 figures, most of which have been drawn from 
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European sources and for that reason are of additional 
value to American biologists. There is an index, but 
only a pretence of a bibliography, 

Henri C. Seibert 



TraitjS de Zoologie: Anatomies SysUmatiqiie, Biologic. 
Tome VI. OnychophoreSj Tardigrades, Arthropodes^ 
Trilobiiomorphes, CMlicerates. 

By M. Andr^, L. Berland, L. Cuenot, C. Dawydof^ 
L. Page, /. Millotj L. Simner^ M. Vachon, A. Vandel, 
and G. WaterloL Masson et Cie.y Paris. 5000 fr, 
viii -f 979 pp. + 5 plates; text ill. 1949. 

Trait^ de Zoologie: Anatomic, SysUmaiique, Biologic. 
Tome IX. Insectes: PaUontologic, Gktnemie, Aptery- 
gotcs, EpkemSropteres, Odonaiopteres, Blattopteroides, Or- 
thopUroUcs, Dermaptirotdes, CoUopteres. 

By L. Chopard, R. Denis, R. Despax, P.~P. Grasse, 
R. Jcannel, and R. Fmlian. Masson et Cie, Paris. 
4500 fr. viii + 1117 pp. -f 3 plates; ill. 1949. 
Traite de Zoologie: Anatomic, SysUmatique, Biologic. 
Toync XL Echinoderyncs, Stomocordes, ProcordBs. 

By P. Brien, M. Caullery, L. Cuinot, A. Dalcq, C. 
Dawydo^ff, P. Drach, H. Earant, and G. Waterlot. 
Masson et Cie., Paris. 3800 fr. viii + 1077 pp,; 
iU. 1948. 

The appearance of a new treatise on zoology will be 
welcomed by zoologists the world over. The existing 
treatises are either so old as to retain very little value or 
else they remain, like the great German treatises, in a 
perpetually incomplete state, very exasperating to the 
user. The energ}^ and speed wdth which the volumes 
of the French treatise are appearing—three in rapid 
succession in 1949 and others promised within a year or 
Uvo—^augurs well for the eventual completion of the set 
within a reasonable time, well before the first volumes 
have become outmoded. 

In these volumes the emphasis is placed on anatomy 
and its handmaiden, embryology. Most of the space 
allotted to each group is given over to an account of the 
anatomy. Tills account is reasonably full and ade¬ 
quate, proceeding system by system, and well illustrated 
by large, clear, and neat figures, in many of which color 
has been employed to emphasize certain systems. This 
is followed by an account of the embryology, then by a 
brief section on systematics, which wisely makes no 
attempt to go beyond genera, and by a closing discus¬ 
sion of phylogenetic questions. The outstanding defect 
of these excellent volumes is the almost complete lack 
of any discussion of ecological and ph 3 ?Biological topics. 
This appears to the reviewer a most unfortunate 
omission that lends an impression of old-fashionedness 
to what is otherwise a highly satisfactory performance. 
The bibliographies at the eud of each group are limited 
to the larger works, and there is little documentation 
in the text 


The treatise is announced to consist of 17 volumes, 
of which there have appeared in 1949 volumes XI, VI, 
and IX, dealing with invertebrates and prochordates. 

Volume XL fichinodermes, Stomocordes, Procord^s. 

The account of the echinoderms, by L. Cu6not, is 
happily given over mainly to the living groups, classified 
into the usual five classes, and thus avoids that undue 
emphasis on fossil echinoderms that was the glaring 
defect of the echinoderm volume in Lankester’s Treatise 
on Zoology. The fossil echinoderms are briefl}^ treated 
as classes Machaeridia, Heterostelea, Cystidea, Blas- 
toidea, and Edrioasteridea. The last is considered 
phylogeneticaily important for the origin of the living 
groups. A generous section on echinoderm embryology 
and metamorphosis, by C. Dawydoff, suffers from the 
habitual tendency of this author to produce his own or 
at least unfamiliar names for many embryonic features. 
The dipleurula larva is accepted as the point of de¬ 
parture for discussions of phylogenetic questions re¬ 
garding echinoderms. It is considered to indicate an 
original bilaterality that was altered by the assumption 
of a fixed mode of life. The dipleurula larva is pre¬ 
sumed to have attached by its preoral lobe, and 
possibly an asymmetrical mode of attachment may 
account for the suppression of the right side in favor of 
the left so characteristic of echinoderms. It is accepted 
that all free-moving groups of present echinoderms 
descended from fixed ancestors. 

The Hemichordata, also by Dawydoff, are treated 
under the name Stomochorda, to avoid implications of 
the former name. There is an excellent account of the 
group, divided into the usual two classes, Enteropneusta 
and Pterobranchiata. The tw’o peculiar organisms 
Planctosphaera, found in 1910 by the Michael Sars 
Expedition and later also elsewhere, and Siboglinum, 
collected in the Malay Archipelago by the Siboga, are 
presented as undoubtedly of hemichordate aflSnities. 
There is also included in the phylum the fossil group of 
graptoiites, as a class Graptolitoidea. The graptolites 
were formerly thought to be coelenterates but re¬ 
searches of recent years leave little doubt of their 
affinity with the Pterobranchiata. The notion of the 
notochord affinity of the anterior diverticulum of the 
typical hemichordates is altogether rejected, and the 
structure, termed ^^tomochord,” is considered to repre¬ 
sent an anterior part of the pharynx that once opened 
by a mouth anterior to the present mouth, Chordate 
affinity of the hemichordates is, however, accepted, 
mainly on the ground of the presence of gill slits 
(phar 3 mgotremy) which are presumed to have originally 
extended the length of the digestive tract. Echinoderm 
affinity is also affirmed on the basis of larval similarity. 

The tunicates are given an extensive treatment by P* 
Brien, aided by A. Balcq and P. Dr^h in some general 
introductory remarks. The last author rightly rejects 
the conception of a group Prbchordat^ to embrace 
tunicates/and, .cephalochordat^ii'and;'retains these as 
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separate subpliyla of the Chordata. The volume 
closes with an account of the Cephaiochordata by P. 
Drach, who considers this group to represent a small 
side branch of the chordate stem, without direct 
ancestral relationship to the vertebrates. 

Volume VI. Onychophores, Tardigrades, Arthro- 
podes, Trilobitomorphes, Ch61ic6rates. 

The onychophores, tardigrades, and pentastomids, 
handled by L. Cu^not, are excluded from the phylum 
Arthropoda although regarded as closely allied to it. 
The Arthropoda are divided into the subphyla 
Trilobitomorpha, Chelicerata, and Mandibulata or 
Antennata. An interesting introductory chapter to the 
Arthropoda, by A. Vandei, precedes the more specific 
accounts. Vandei concludes that it is impossible to 
homologize the different body regions and segments of 
groups of arthropods and that the conception of a 
primitive arthropod body of 21 segments is unacceptable 
and false. An annelid affinity of arthropods is 
accepted. 

The Trilobitomorpha, divided into the classes Trilo- 
bita, Merostomoidea, Mareliomorpha, and Pseudo- 
crustacea, are discussed by L. Stormer, who submits 
that these somewhat diverse groups are united by their 
common possession of a trilobite type of appendage. 
They are probably related to the Chelicerata. 

The remainder of the volume is devoted to the 
Chelicerata, divided into the classes Merostomata, 
treated by L. Page; Arachnida, handled by L. Page, J. 
MOlot, C. Dawydoff, M, Vachon, L. Berland, M. 
Andr6, and G. Waterlot; and Pycnogonida, by L. Page. 

Volume IX. Insectes. Paltontologie, G6on6mie, 
Apt6rygotes, Eph<§m6ropt&res, Odonatopt^res, Biattop- 
t^roides, Orthopt^roides, Dermapt^roides, Col€opt^res. 

This volume begins with some general chapters on 
insects, including fossil insects, by R. Jeannel. This 
author accepts the classification of Martinov, who has 
divided the insects into the subclass Apterygota, with 
four orders, and the Pterygota, with 33 orders. Dis¬ 
tinction is also made between the Paleoptera, with 
seven orders, in which the wings cannot be folded, and 
the Polyneoptera, with 26 orders, in which the wings 
are folded together in repose. The section on fossil 
insects attempts to correlate the evolution of insects 
with successive topographies of the various geologic 
ages. 

The remainder of the volume deals with the lower 
orders of insects and is written by a number of authors 
(L. Chopard, R, Jeannel, R. Denis, P. Grass6, R. 
Despax, and R. Paulian). Like the rest of the treatise, 
these articles are mainly anatomical, with only brief 
considerations of habitat relations and geographical 
distribution. Exception may be made of the chapter 
on termites, by P. Grasse, in which there is a consider¬ 
able discussion of the determination of castes, the social 
life of termites, the morphological and ecological 
peculiarities of the various castes, the symbiotic re¬ 


lationship with flagellates, and the various types of 
nests and mounds. 

L. H. Hyman 



A Monograph of the Echinoidea. IV.L Eoleciy- 
poidaj Cassiduloida. IV2. Text and Atlas. Clypeas- 
iroida: Clypeastridae, ArachnoididaBj Fibulariidaej 
Laganidae and ScutelUdae. {2 Vols.) 

By Th. Mortensen. C. A. Reitzd, Copenhagen. 
(IV.l) D. Rr. 62.00; (IV.2) D. Kr. 100.00 (paper). 
(IV.l) viii -f- 372 pp. -f 14 plates; text ill (IV.2, 
Text) viii + 471 pp.; ill. (IV.2, Atlas) viii + 20 
pp. + 72 plates. 1948. 

These three paper-covered volumes represent the fourth 
part of Mortensen’s well-known monograph on the 
Echinoidea and, like the preceding parts, will prove 
indispensable to all students of this group. 



A General Textbook of Entomology Including the 
Anatomyf Physiology, Dmlopment and Classification of 
Insects, Seventh Edition. 

By A. D. Imffts. E. F. Dutton & Co., Nm York. 

$12.50. xii + 727 pp.; ill 1948. 

The changes by which this edition differs from earlier 
ones are of minor significance. The most up to date of 
the supplementary references is that to Comstock^s 
general textbook, 1940. This new edition is thus at 
least ten years old. Not least of the dangers inherent 
in the manifest reedition of old, tried-and-truc text¬ 
books lies in the fact that erroneous information is 
perpetuated. Witness, for example, the discus.sion of 
campaniform sense organs (p. 96). This concludes 
with the statement that .. their true sensory function 
remains problematical.*’ Yet more than ten years ago 
Pringle, in England, demonstrated conclusively that 
campaniform sensilla are proprioceptors (/. exp. BioL^ 
15: 114-131.1938). 

The excellence of Imms’ great work has not 
diminished through the years, but anyone who already 
possesses an earlier edition will have little to gain by 
acquiring the seventli. 

V. G. Dexhier 



How TO Know the Immature Insects. A n Illustrated 
Key for Identifying the Orders and Families of Many of 
the Immature Insects With Suggestions for Collecting, 
Rearing and Studying Them. 

By E. F. Chu. Wm. C. Brown Company, Dubuque. 
$3.00 (cloth); $2,00 (spiral), vi + 234 pp.; ill 
1949. 
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This interesting volume is one of The Pictured-key 
Nature Series edited by H. E. Jaques. The subtitle 
clearly describes its contents. Almost the entire 
volume consists of keys, with the illustrations so ar¬ 
ranged as to explain the characters used. It is not 
possible for a reviewer to do more than call attention 
to the well arranged order of the work, its clear illus¬ 
trations, and its brevity. Anyone using the keys will 
find many difficulties and errors that will try his 
patience; yet the attempt to do the almost impossible in 
devising satisfactory keys to the immature stages of the 
various orders and numerous families of insects is to be 
highly commended. The author gives the beginner a 
brief but interesting account of the early stages of 
insects and how they may be collected, reared, and 
preserved. There is an adequate index and a pictured 
glossary arranged in a single unit. The bibliography is 
not very complete. 

Robert Matheson 



Les Cochenilles de France, d'Europe, du Norb de 

L^AeRIQXJE ET DU BaSSIN Ml^DITERRANfiEN. MoflO- 
graphic des CoccoHea Classification—Diaspidinae 
(Fremiere partie), Actualites Scieniifiqties et Indus- 
if idles y 1054; Eniomologie AppUqidey IV, 

By A, Balachowksy; illustrations by Gerard Langlois. 

Herman Cie., Paris. 600 fr. (paper). 154 pp. 

[Pp. 241-394 of set]; ill 1948. 

Of tlie six volumes planned for the beginning of this 
ambitious work on palearctic coccids, Balachowksy has 
now published the first four, the present volume having 
been long delayed by the war. Volumes I and II ap¬ 
peared in 1937, and III in 1939. The first three 
volumes complete a general study of the scale insects, 
especially of their morphology, while this fourth volume 
considers the major taxonomic groupings inclusive of 
the subfamilies, and embarks on the revision of the first 
group (Diaspidinae: Aspidiotini: Aspidiotina), of which 
32 species in 9 genera are considered in detail. 

The present volume is printed on heavy pulp, is 
uncut, and has a paper cover, but the reproduction of 
the 32 full-page line cuts is adequate. The manuscript 
could have been edited more closely, for there are a few 
inconsistencies in format and errors in pagination and 
spelling of proper names that should have been cor¬ 
rected. But one’s general impression is very favorable, 
with the reservation that the value of the work will 
depend greatly on the publication of the rest of it. The 
key to genera, as well as the full bibliography, are due 
at the end of each group revised, so that one must wait 
for volume VI in order to find those for the tribe 
Aspidiotini. 

The author divides the Homoptera into super¬ 
families, with the Coccoidea for the scale insects. The 
Cicadoidea (inclusive of the Cicadidae, Cercopidae, 


Membracidae, etc.) Amphidoidea, Aleyrodoidea, and 
Psylloidea represent the other divisions. Under the 
Coccoidea he recognizes three families with 14 sub¬ 
families (in contrast to 1 family, 17 subfamilies by 
MacGillivray, 1921; and 11 families by Ferris, 1937). 
One can well object to the author’s spelling of the 
family names (Margaroidae, Lecanoidae, and Diaspido- 
idae) as unorthodox and confusing, but since the signifi¬ 
cant categories, namely, the subfamilies, are in standard 
form, it matters little. Full keys from superfamilies 
to subfamilies are given, with further keys to the tribes 
of the Diaspidinae and the subtribes of the Aspidiotini 
to cover the present volume and the succeeding two 
volumes. 

The bulk of volume IV is a monograph of the genera 
and species of the subtribe Aspidiotina, of which one 
genus is new {AbgrallaspiSy proposed for 6 species of 
palearctic Hemiberlesia, genotype H. cyanophylli Sig- 
noret). Each genus is fully characterized, with the 
genot 3 q)e given (but status of designation not clear for 
most) for all but Chortinaspis Ferris, which is an un¬ 
explained omission. The treatment of each species is 
rather complete, with a conventional split figure (full 
page line-cut) for the pygidium, with border detail as an 
enlargement. The author considers for each species its 
synonymy, reference to principal descriptions and to 
biological observations, diagnostic characters both mac¬ 
roscopic and microscopic, biology and habitat, dis¬ 
tribution, natural enemies, and relations to other 
species. 

An interesting problem of format is posed by the use 
of double pagination in these volumes, i.e., pagination 
for the set as well as for the volume. Generally speak¬ 
ing, such a system is hard for the author and reader to 
keep in order, as evidenced by the text citations, which 
are in pagination for the set, while the volume index is 
in pagination for the volume. Occasional confusion by 
the author himself (in the key to ChoriinaspiSy IV-143, 
and the text references, IV-66) illustrates the point. 

Robert Matheson 



Atlas des LfipiDOPxkREs de France. Bdgiguc, 
Suisse. III. Hitiroceres (£n). 

By Claude Eerhulot; illustraiions by R. FrBchac. 
Editions N. Bouhie et Cie.y Paris. 480 fr. (paper). 
146 pp. 4- 12 plates; text ill. 1949. 

This new volume to the series maintains the same high 
standards and excellent illustrations evident in the 
other volumes. 



New Guinean Reptiles and Amphibians in the 
Museum or Comparative Zoology and United 
States National Museum. Bulldin of the Mmmrn 



86 


THE QUARTERLY REVIEW OF BIOLOGY 


of Comparaiive Zoology at Earvard College. Volume 101 , 
Number 2. 

By Artlmr LowrUge. Museum of Comparative 

Zodlogy\ Cambridge. $1.50 (paper). Pp. 303-430. 

1948. 

During the war many amateur and professional zoolo' 
gists found themselves in what they would previously 
have considered to be remote corners of the earth. 
Many of them, due to the limiting effects of time, 
climate, materials, enemy action, or inclination, ob¬ 
tained only a handful of herpetological specimens that 
reached museum collections. A few were able to amass 
outstanding collections. Such was the material as¬ 
sembled by William H. Stickel, a collection which is 
described by Loveridge as the best he has seen from 
New Guinea. It is difficult to realize how important 
these contributions are. For example, the present 
paper is based upon 1809 specimens in two museums. 
Of these, over one-third were collected by Stickel and 
another third by two other interested zoologists, 
William H. Beck and P. J. Darlington. The remainder 
of the specimens were derived from an expedition, from 
exchanges with museums from all over the world, and 
from dozens of individual donations. How much more 
is yet to be done in New Guinea in this field of work is 
emphasized by Loveridge’s statement that this material 
represents only 44 per cent of the forms known to occur 
there. 

The New Guinean amphibian and reptilian fauna 
that Loveridge lists consists of 108 forms of frogs, 17 
turtles, 2 crocodilians, 146 lizards, and 95 snakes. 
Besides listing the known lierpetofauna, he has dis¬ 
cussed the forms represented in the material studied, 
species by species, with a varying amount of detail per 
species. There are occasional keys, but no general 
attempt was made along those lines, inasmuch as “to 
compile keys on so slender a representation would 
inevitably lead to the perpetuation of many errors, for 
some of the names included in the list will certainly 
prove to be synonyms,” Other useful features of the 
paper include a Gazetteer of all New Guinean locaKties 
mentioned in the text, and a list of the literature cited. 
Loveridge is a careful and meticulous worker with a 
tremendous knowledge of the herpetology of the 
eastern hemisphere. It is doubtful if there are many 
others who could have done so excellently with the same 
material and in the same period of time. 

This appears to be an appropriate place to discuss a 
general problem faced by authors of faunistic studies. 
Suppose such an investigator wants to devote a limited, 
albeit substantial, amount of time to a faunal report 
He finds two possible methods of using material if the 
time factor is to be kept within reasonable bounds. 
Either he can study the forms from a small geographic 
area but with a serious attempt to examine all the 
^ecimens in various museums collected from the area 
in question, (hr ho €omld study the fauna of a much 


larger area but with limitation to the use of the collec¬ 
tions of a single institution. The amount of work, as 
measured by the number of specimens carefully studied, 
might be approximately the same in the two cases. In 
the first, however, the forms of a restricted area would 
be relatively well-known, whereas in the second perhaps 
as much biological information would be made avail¬ 
able, but it would be spread thinner over a much 
larger area. 

In the past, Loveridge has been in the company of a 
small number of curators who have rather consistently 
followed the second procedure. No doubt he has 
viewed it as his primary responsibility to describe ade¬ 
quately the material entrusted to his care in the Museum 
of Comparative Zoology. Other curators, however, 
view (or are permitted or encouraged to view) their 
responsibilities somewffiat differently and normally fol¬ 
low the alternate procedure. In the present paper, 
Loveridge has made use of an additional collection 
besides his own, namely, that of the United States 
National Museum. Whether this indicates a change in 
policy in herpetology at the Cambridge institution or 
only an expedient measure because of an unusual set of 
circumstances, only time will tell. Loveridge hints 
that the latter is true and that, therefore, no persistent 
change is to be expected. Many, however, will hope 
with the reviewer that this paper indicates a real trend 
towards a change in procedure. If there are to be, for 
example, three studies on three island faunas, a liter¬ 
ature with three such titles as “The Frogs of Islands A, 
B, and C in the X Museum,” “The Frogs of Islands A, 
B, and C in the Y Museum,” and “The Frogs of Islands 
A, B, and C, in the Z Museum” would not be as de¬ 
sirable as a literature with the three titles “The Frogs 
of Island A” by the Curator of X Mmscum, “The 
Frogs of Island B” by the Curator of Y Museum, and 
“The Frogs of Island C” by the Curator of Z Museum. 
The more intensive work on the individual islands 
should, in general, precede the comparative studies of 
the faunas of these islands. In all fairness, however, it 
should be pointed out that there are frequently ex¬ 
tenuating reasons for reporting on a single collection 
from an area in a separate publication. 

Ahnold B. Grobman 



Reptiles eroh the IimiAN Peninsula in The 
Museum oe Comparative ZoSlogv. Bulletin of the 
Museum of Comparaim Zobkgy at Eafmrd College^ 
Volume 103^ Number 2,, 

By John D, ConsUMe. Museum of Comparative 
Zoology at Sarvard College, Cambridge. $1.25 
(paper). Pp. 57"i52. 1949. 

Several years ago I had a conversation with an informed 
and well-rounded biologist whose field of special interest 
is plant physiology. We were discussing the diaracter- 
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istics of good taxonomic work. He pointed out that, 
were he in a position to add a new member to his 
staff, he would welcome a taxonomist who was con¬ 
cerned with the relationships among the organisms he 
was dealing with; he would not, however, be interested 
in a man who considered the pure cataloging of material 
to be his terminal job. It seems obvious that my 
physiologist friend would never offer a position to the 
author of this paper. For we find Constable saying on 
the initial page of his report: 

^‘Taxonomy in itself may seem to be of rather little 
use, but it is an essential adjunct to other important 
areas of biology. I believe it to be, in general, a tool 
developed by scientists for their convenience and that 
therefore the rules and methods that are adopted for its 
development should be largely determined by their 
usefulness rather than by more or less abstract concepts 
of ‘natural distinctions.’ It may, for example, be true 
that tw^o races of snakes can be distinguished on the 
basis of differences in the hemipenis, but I consider the 
difference to be unworthy of taxonomic recognition 
as long as the females are indistinguishable. Even if 
the hemipenis differences should be shown to have such 
a profound effect upon their breeding habits as to 
prevent crossbreeding of the two forms, I would still 
consider a new name inconvenient and hence, almost by 
definition, unnecessary.” 

In recent years we have been favored witli many 
treatments about taxonomic procedure: The New Sys- 
tematics; Systematics and the Origin of Species; Evolu- 
tion, the Modern Synthesis; and Genetics^ Paleontology 
and Evolution. For a serious student of taxonomy to 
hold to a pre-Darwinian and pre-]Mandelian concept 
about systematic procedure in the face of such literature 
is, indeed, a most amazing anachronism. Such a per¬ 
formance lends support to the thesis that there are two 
kinds of persons studying the classification of animals: 
taxonomists and systematists. 

There are two steps in good systematic work. So 
far I have decried the lack of the author’s appreciation 
for the second step. The first step is the association of 
animal characters with animal names. This seems to 
have been done carefully and weU in the present study. 
Constable found 775 Indian specimens in the Museum 
of Comparative Zoology representing two forms of 
crocodilians, 13 turtles, 93 lizards, and 112 snakes. 
Two new species are described, one a gecko and the 
other a small burrowing blind snake of the genus 
TypUops. Under each species there is given the 
original citation, the type locality when definable, and 
the catalogue numbers of the specimens in the M, C. Z. 
There are also given locality data and taxonomic 
characters for the specimens at hand. The latter are 
quite extensive in some cases and, in a few instances, 
keys have been prepared to distinguish closely allied 
forms. ' 


The paper closes with a list of the literature cited 
which is erroneously headed: “Bibliography.” The 
review copy was incomplete in that the last signature 
w'as missing. 

Arnold B. Grobman 

Snakes. 

By Herbert S. Zim; illustrated by James Gordon 

Irving. William Morrow & Company^ New York. 

$2,00. 66 pp.; ill, 1949. 

The young naturalist should be fascinated by this book 
on snakes. Dealing with the biology of snakes in a 
comprehensive manner, it will do much to place the 
snake properly in the biological order of things, as well 
as to remove the fears and superstitions which surround 
them. The kinds of snakes, their modes of reproduc¬ 
tion and feeding, and their care are handled in straight¬ 
forward simple sentences, and balanced with a fine 
group of black-and-w^hite drawings by J. G. Irving. 
It is recommended for the growing and inquisitive 
naturalist. 

C. P. Swanson 



Boy’s Book op Snakes. How to Recognize and Under¬ 
stand Them. 

By Percy A. Morris. The Ronald Press Company^ 

New York. $3.00. viii -f 185 pp.; ill 1948. 

Good books about snakes for the beginner are few. 
In fact, tliose designed to be read for entertainment 
rather than used like a manual can be counted on the 
fingers of one hand. The Boy^s Book of Snakes is a 
highly simplified and well-written account, with empha¬ 
sis on the species common in the United States (seven 
chapters) but including a very brief account of foreign 
forms (two chapters). The treatment is largely ecologi¬ 
cal and omits scientific names. However, all kinds 
mentioned are classified in a list that precedes the index. 
There is also a list of authorities cited and a brief 
bibliography. Some of the numerous half-tone illustra¬ 
tions are good, others poor. 

A few errors have crept in. Stejneger’s myth of the 
rattler 8 feet 9 inches long has been perpetuated, along 
with the belief that poisonous snakes usually make only 
two punctures when they bite. Nevertheless, I would 
not hesitate to recommend this little book to a, boy or 
girl with a growing interest in reptiles. 

,Clippord H. Pope 



Birds. A Guide to the Most FamiUar Amwkm., BdfM. 
A Golden Nature Guide. 
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By Herbert' S. Zim and Ira JV. Gabridson; illustrated 
by James Gordon Irmng. Simon and Schuster, New 
York s^l.OO. 157pp.;m. 1949. 

WMle not as comprehensive in treatment as the field 
guides by Peterson, this pocket volume is an excellent 
book for the beginner. The colored illustrations by 
J. G. Irving are accurate in color and proportion; and 
the descriptions, while brief, provide the necessary 
supplementary data on distribution, habitats, and 
habits. A table at the back of the book provides a 
compact summary of migration dates, egg size and 
number, nesting materials and location, and food habits. 

C. P. Swanson 



Catalogue of Bieds of the Ameeicas and the 
Adjacent Islands in Fieid Museum of Natural 
History, Including All Species and Subspecies Known 
to Occur in North A^nerica, Mexico, Central America, 
South A7nerica, the West Indies, and Islands of the 
Caribbean Sea, the Galapagos Archipdago and Other 
Islands Which May Be Included on Account of Their 
Faunal Affinities. Jacanidae, Rosiratulidae, Haemato- 
podidae, Charadriidae, Scolopacidae, Recurnrostridae, 
Phalaropodidae, Burhinidae, Thinocoridae, Chionididae, 
Stercorariidae, Laridae, Rynchopidae and Alcidae. 
Zoological Series, Field Musemn of Natural History, 
Volume XIII, Pari /, Number 3, Publication 616, 
By Charles E. Hellmayr and Boardman Conover. 
Fidd Museum of Natural History, Chicago. $4.00 
(paper), vi + 383 pp, 1948. 

The present number of this extensive catalog of birds 
of the Americas (Western Hemisphere) lists the mem¬ 
bers of the Order Charadriiformes. This order includes 
the jacanas, painted snipe, oyster-catchers, plovers, 
sandpipers, curlews, avocets, stilts, phalaropes, thick- 
knees, seed-snipe, sheath-bills, skuas, jaegers, gulls, 
terns, skimmers, and auks, a group commonly known 
as the shore-birds, although it obviously contains 
members not limited to coast lines. 

The greater part of the manuscript was written by 
Hellmayr, and since his death has been supervised, 
emended, and brought up to date by the junior author. 
As in previous numbers of the series, each species and 
subspecies of bird knoTO to occur in the Western 
Hemisphere has been listed with complete synonymy 
and bibliographic references up to 1945. New forms 
that have been described and a few important papers 
that have appeared since that date are mentioned in 
lootnotes. Specimens in the Field Museum and in the 
Conover collections are listed according to locality. 
The range of each form is delimited. For anyone 
Interested in avian taxonomy, this publication, like its 
predecessors, is a necessary and invaluable reference. 
For others, the extensive references will provide a good 
start for anyone who seeks information about a particu¬ 


lar species, especially since the important data in each 
reference cited have been indicated following the ci¬ 
tation. 

Henri C. Seibert 



Animal Encyclopaedia. Mammals. With Latin 
Index. 

By Leo Wender. Oxford University Press, New York 

$4.50. 266 pp.; ill. 1949. 

In the Foreword it is confidently stated that “this 
dictionary of animals seeks to give everybody—-laymen 
and scientists—a short and concentrated account of the 
most interesting facts concerning the mammals of the 
world.” Some 1500 mammals are listed alphabetically 
by their “common” English names, ranging from 
aardvark, acouchy and addax to zeren, zorille, and 
zwart-wit-pens. What this work considers as'“the 
most interesting facts” concerning these beasts is best 
indicated by the first sample the reviewer happened to 
read: “alpine pipistrelle, a southern Pipistrelle 
going above the treeline in the Alps. Usually sleeps in 
the cow-chalets. Body 2 in., tail 1§ in. long; wing-span 
9 in. Pipistrdlus saviV’ From tliis the lay-reader can 
learn little besides that the particular winged critter 
sleeps in a cow-chalet (a novel architectural term). 
The numerous, far too small, and extremely poorly re¬ 
produced illustrations are of no help in identifying the 
animals, which can not be recognized from the text 
either. ^ Many of the technical names of species and of 
the arbitrarily selected subspecies are not up to date. 

Appended is a list of Gestation Periods and Numbers 
of Young at a Birth, which irritates the expert by 
making claims unsupported by any references to the 
literature. Thus, it lists the duration of pregnancy for 
the marmoset as “75—150 days,” which is surely liberal 
enough to include the correct figure; whereas for the 
macaque 7 months is given, although Si months is all 
that has been well substantiated so far. Another 
appendix contains a Classification of Mammals which 
is inexcusably crude. Man is not even mentioned. 
The Lemuroids” form a separate order, containing the 
famifies “Lemurs, Slow Lemurs and Tarsier,” although 
in the text the Lemuroids are defined as representing a 
“sub-order of the Primates” and as “the chief elements 
of the mammalian fauna of Madagascar.” 

Enough has been said to indicate that this is a pot¬ 
boiler of the worst sort, written by someone of whom it is 
merely stated that he “was contributing author of the 
Guide to the Berlin Zoo and has spent over ten years in 
the preparation of this Encyclopaedia.” It is hoped 
that this volume will reach all cross-word-puzzle fans, 
but no one who is seeking reliable zoological information 
on matters beyond the speUing of the names of mam¬ 
mals. 

A. H. Schultz 
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Mammals of Northern Columbia. Preliminary Re¬ 
port Number 4: Monkeys {Primates), With Taxonomic 
Revisions of Some Forms, Proceedings of the United 
States National Museum, Volume 98, Number 3232. 

By Philip Hershkovitz. Smithsonian Institution, 

United States National Museum, Washington, D. C. 

Paper. Pp. 323-427 + 3 plates; text ill. 1949. 
The author of this scholarly study has collected over 
200 specimens of capuchin monkeys, spider monkeys, 
howler monkeys, night monkeys, and marmosets in 
northern Colombia. Based upon this extensive new 
material, as well as upon an examination of nearly all 
pertinent t 3 rpe specimens and additional material from 
many other collections, a much needed taxonomic re¬ 
vision has been made, chiefly of the genera Cehtis and 
Marikina. All these Colombian primates are described 
according to geographical distribution and the corre¬ 
sponding detailed differences in the characters of their 
hair, skull, and dentition, as well as, in the genus 
Alouaita, its highly specialized hyoid apparatus. The 
many technical and well documented results have not 
been summarized in the report and cannot be briefly 
summarized here. It suffices to mention that this 
paper will be indispensable for students of the taxonomy 
and geographical distribution of New World monkeys. 

A, H. Schultz 



ECONOMIC ZOOLOGY 

Gall Midges of Economic Importance, Volume IV: 
Gall Midges of Ornamental Plants and Shrubs. 
Agricultural and Horticultural Series. 

By H. F. Barnes; with a Foreword by G. Fox Wilson. 
Crosby Lockwood & Son, London. 15s. 165 pp, -f- 
10 plates; text ill, 1948. 

The title clearly indicates the scope of this volume. In 
the beginning there is a list of all the plants (43) treated, 
each with its known gall midges and the part injured. 
These are all discussed in detail in the following pages. 
The arrangement is most satisfactory, for the reader 
can select any plant, glance down the pages and find 
the list of known midges with the page references where 
he can find detailed accounts of the various species. 
Furthermore, under the discussion of each gall the 
author has obligingly given the most important refer¬ 
ences dealing with the species that causes the gall. 
Could anyone ask more? The book is most delight¬ 
fully written, and the reader will learn much of interest. 

Under each gall discussed there is a full accotmt of 
the parasites and predators. Where control measures 
have been devised, these are given, and the author 
appears to be well acquainted with much of the work 
done in all parts of the world, especially in America. 

This book should be a welcome addition to the 
library of everyone interested in knowing these galls 


and in keeping their ornamental plants and other 
shrubs free from these pests. To the entomologist the 
illustrations will furnish a guide to many of the midges 
that form these galls, inasmuch as they can be identified 
by their work whereas identification of the midges 
themselves is very difficult. 

Decided attractions are a bibliography of 343 titles, a 
list of generic, specific, and common names of all the 
midges described in the book. Two indexes, one for 
plants and one general, complete the volume. 

Robert Matheson 

The Stock of Salmon: Its Migrations, Preservation 
and Improvement, being The Buckland Lectures for 1947^ 
By W. J. M. Menzies. Edward Arnold Company, 
London. 5s. 96 pp. + 7 maps; text ill. 1949. 
“That fact that wide variations in the catch of salmon, 
and therefore presumably in the stock of salmon, exist 
from year to year is very much better known than the 
causes of these variations.’’ The author finds no con¬ 
vincing evidence for population cycles in Atlantic 
salmon, and although weather conditions may some¬ 
times influence the population over wide areas, the 
greatest influence on the stock seems to be in the sea. 
Grilse present an interesting puzzle, for although a large 
grilse run may indicate a large adult run the next year, 
the reverse is not necessarily true. The author asks 
how a stock might be adversely influenced in its early 
years without impairing its final yield. Many migra¬ 
tion patterns from various tagging stations are pre¬ 
sented in the figures, but here again the data are incon¬ 
clusive. This concise summary (the latest of the 
Buckland Lectures) of our present state of ignorance of 
an intensively studied fish should be salutary reading 
for the more dogmatic fisheries biologists—we have 
hardly begun to learn what goes on in the sea. 

J. W. Hedgpeth 



Fishery Statistics of the United States 1945. 
United States Department of the Interior, Fish and Wild¬ 
life Service. Statistical Digest 18. 

By A. W. Anderson and E. A. Power. United States 
Government Printing Office, Washington, D. C. $1.50 
(paper), ii 372 pp.; ill. 1949. 

The Hatchability of Chicken Eggs as Influenced 
BY Environment and Heredity. A Revision of 
Bulletins 216 and 236. Bulletin 262. 

By Walter Landauer. Storrs Agricultural Expm^ 
ment Station, Storrs, Connecticut. 50 cents (paper), 
231pp.; in. 1948. 

This bulletin is a comprehensive summary of research on 
inherent and environmental factors which afiect the 
probability that viable chicks will hatch from hen’s eggs 
foUowing incubation. Sixteen lethal genes and several 
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other genes that reduce embrj’onic viability are de¬ 
scribed. Requirements of the developing embryo with 

respect to temperature, humidity, gaseous environment, 
orientation, and turning are reviewed. The nutrition 
of the hen, determining the amount of the respective 
vitamins, except C, in the hen’s egg, and research 
demonstrating the requirements of the developing 
embryo for the various vitamins are summarized. The 
influence of the age of eggs when incubated, the repro¬ 
ductive activity of the parental stock, the growdh and 
physiology of the embryo, and the history of incubation 
all receive attention. Every research worker who uses 
chicken eggs, and every teacher of embryology should 
read this bulletin. 

T. C. Byeiily 



Fertility anb Hatchability ob Chicken and 
Turkey Eggs. 

Edited hy Lewis W. Taylor. John Wiley Sc Sons, 
New York; Chapman & Hall, London. $5.00. xii -f- 
423 pp.; ill 1949. 

This book is an excellent summary of research on re¬ 
production in chickens and turkeys. It should become 
a standard reference for every laboratory using eggs, 
embryos, chicks, or poults. Thoughtful poultry 
breeders, hatcherymen, and service and technical per¬ 
sonnel in the feed, biological, and equipment industries 
will find it constantly useful The book lacks a section 
on the normal morphological development of the 
embryo. Treatment of research on the growth of the 
embryo is inadequate. The chapter on Physical Con¬ 
ditions in Incubation, by Insko, is of outstanding value. 

T. C. Byerly 



PARASITOLOGY 

Le PARAsmsiHE. ''Que Sais-Je?'^ Le Poini des Con- 
naissances Aciuelles. 

By Louis GaHiept. Presses UniversUaires de France, 

Paris, 45 fr. (paper). 128 pp.; ill 1943. 

This volume is number 117 of a proposed 160 titles in a 
series known collectively as “Qiie sais-je?” The topics 
jun a gamut from a history of the theater, French 
diplomacy, the life of the blind, to scientific titles deal¬ 
ing with television, the nervous system, the migration 
of animals, or the present one on parasitism. They are, 
of course, intended for popular consumption. The 
story of parasites is interestingly recounted and made 
sufifidently ludd for the educated layman, but is not 
pitched at such a low level that essential details are 
glossed over. There aredght chapters, the first of which 
defines the subject by illustrating the various degrees of 
associations that may exist l^tween two forms of 
animals, from c«>mmensalismtbparasitisin. This|ioiht 


is well brought out by using as an illustration the rela¬ 
tions of closely related species of paguran crabs with 
their respective commensals, symbionts, and parasites. 
Chapter II points out the wide distribution of parasites 
within the animal kingdom (plant parasites are not con¬ 
sidered). The next two chapters are concerned with 
certain parasitic adaptations; their regressive develop¬ 
ment with respect to related free-living forms, and 
specializations in holdfast structures. Chapters V and 
VI discuss reproduction, the cycles, hosts, fecundity, 
and associated phenomena. Number VII describes the 
effects of parasite on host; and the final chapter is a 
discourse on evolution, wherein it is pointed out that 
parasites at once provide evidence for the evolutionary 
doctrine and at the same time pose problems on the 
origin of adaptive features. Although brief and at 
times fragmentary, the book still provides enlightening 
information to anyone who has an hour or so on his 
hands and who is willing to spend it by reading in order 
to increase his ^^Je sals que.” 

Henri C. Seibert 



Veterinary Clinical Parasitology. 

By Edward A . Benbrook and Margarel W. Sloss. The 

Iowa State College Press, A mes, Iowa, $4.50. viii -f 

187 pp.; text ill 1948. 

The most valuable feature of this book is the collection 
of many good photomicrographs of parasites of veteri¬ 
nary importance. Since the book is strictly limited to 
the clinical aspects of the subject, only the diagnostic 
stages of the parasites are illustrated. Usually each 
intestinal organism is presented in photographs taken 
at two magnifications, lOOx and 410x. This makes it 
possible to compare the relative sizes of the organisms 
under the low power and high dry objectives of the com¬ 
pound microscope. The photographs of the ecto¬ 
parasites were taken at lower magnifications. In all, 
there are approximately 240 photographs each of which 
occupies one half of a page. Twenty-three of the 
photographs illustrate techniques; 18, lice; 44, mites; 18, 
pseudoparasites; and the remainder, various intestinal 
parasites. Most of the photographs are very clear and 
have reproduced well 

Except for describing techniques, there is very little 
text in the first half of the book, which deals with 
intestinai parasites. For this reason, it would appear 
that the title is too broad for the material presented. 
The term ‘^atlas’’ or "‘illustrated guide” would have 
been appropriate to qualify the title. Even as a guide, 
it would have been more complete and useful had the 
authors included descriptions of the diagnostic stages, 
host parasite lists, and perhaps notes on pathogenicity. 

The text on the ectoparasites is more complete^ In 
most instances, there is a general description of each 
genus, including its morphological characterisdes and 
the effect of the parari te upon the host. The descrip- 
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tion of the genus is followed by a list of species with the 
names of the host that they parasitize. There is also a 
table to the characteristics of the mange and scab mites, 
accompanied by ten clear outline drawings to illustrate 
tile male and female characters described. 

The book has been planned so that other chapters 
can be added as needed and as the illustrative material 
becomes available. It now deals with only three 
groups: the intestinal parasites, the lice, and the mites. 
At the end of the book there are reference lists to each 
chapter and a detailed index. 

M. M. Brooke 



Veterinary Helminthology. 

By Banner Bill Morgan and Philip A, Kawkins; 

illustrated by Everett L. Schiller. Burgess Publishing 

Co7npanyt Minneapolis. $7.00. xiv -{- 400 pp.; ill. 

1949. 

This is a very practical book that should prove to be a 
valuable possession to veterinarians and others inter¬ 
ested in helminths of domestic and wild animals. It is 
apparently the first book of such proportions to present 
a well-rounded treatise of the subject of veterinary 
helminthology. It should not only serve as a well 
balanced textbook, but in view of its clear organization 
it will undoubtedly be a ready reference book for those 
who occasionally have need of specific information on 
various helminths. 

The opening chapter is devoted to an introduction to 
the subject (history, types of parasites, immunity, etc.) 
and general discussions of the phyla and major classes 
of helmintlis. The generalized life cycles are presented 
along with the morphology of the various stages. 
Following the introduction there are seven chapters on 
the helminths of different hosts—horse, cattle, sheep 
and goat, swine, dog and cat, poultry, and fur bearers. 
The parasites of a given host, are presented in a tax¬ 
onomic order according to the classification of the three 
phyla (Platyhelminthes, Nemathelminthes, and Acan- 
thocephala) as given in the introductory chapter. 

Although the length of the discussions depends upon 
the importance of the parasite and the information 
available, the pattern of presentation is essentially the 
same for each. The more lengthy discussions generally 
hold to the following outline: synonyms, common 
name, disease, hosts, morphology, location, life cycle, 
symptoms, pathology, diagnosis, treatment, prevention 
and control, and general remarks. The general remarks 
usually include information on prevalence, distribution, 
and veterinary importance. It is evident on practically 
every page that there is a great deal not yet known 
about veterinary helminthology. The authors hope 
that the direction of attention to these gaps in our 
knowledge will stimulate investigators to find the 
needed information. 


The last chapter outlines the various techniques for 
recovering and identifying helminths in fecal specimens, 
tissues, or blood. There is also a discussion of post¬ 
mortem examinations of animals for parasites and evi¬ 
dence of their effect upon the host. 

The book is profusely illustrated by clear outline 
drawings organized into 58 fuli-page plates. .Although 
some of the plates give the generalized morphology and 
life cycles of the worms, most of them stress the diag¬ 
nostic characteristics of eggs, larvae, and adults that 
are found in clinical material. Unfortunately, refer¬ 
ences to the figures are not made in the text. It is 
therefore frequently necessary to consult the index to 
determine if an illustration of the organism has been 
included. Five spot maps give the known locations of 
some of the parasites with a restricted geograpMcai 
distrilDution in this country. All of the maps and most 
of the drawings are original. The appendix is reserved 
for a host-parasite list, and for references to books and 
publications dealing with veterinary helminthology. 
At the end of each chapter there is also a list of selected 
references. 

M. M. Brooke 



ANIMAL GROWTH AND DEVELOPMENT 

Structure and Development of the Vertebrates: 
A Manual for an Integrated Course in Comparaim 
Anatomy and Embryology. Prentice-Ecdl Animal 
Science Series. 

By Florence Moog. PrenticeSallf Neio York, $3.50. 

xiv 4-170pp.; ill 1949. 

This book is primarily a laboratory manual designed to 
serve the needs of a course in wliich the usual subjects 
of comparative vertebrate anatomy and comparative 
vertebrate embryology are integrated into a single 
sequence. The book contains some textual material, 
but it is intended to be used in conjunction with stand¬ 
ard textbooks of comparative anatomy and embryology. 
The manual was developed in connection with a course 
which the author has taught at Washington University 
for three years. 

The first chapter introduces typical features of verte¬ 
brate form, as exemplified by Ammocoetes. The next 
two chapters are devoted to the early embryology of the 
frog and chick, respectively. Development through 
gastrulation and the assumption of body form is con¬ 
sidered in these chapters, with emphasis on the study of 
models, whole mounts, and serial cross sections of 
various stages. The account of gastrulation in the 
chide follows those of Peters, Pasteels, and Spratt. A 
brief survey of the phylum chordata is presented in the 
fourth chapter, with emphasis on the evolutionary rela¬ 
tionships of the different groups. A synoptic classic- 
cation of the chordatesis ^ven at the end of the copter. 

Chapter five is devoted to a discussion of hbmolo^ 
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and recapitulation. The role of embryology in estab- 
fishing homology is emphasized. Recapitulation is 
interpreted in genetic terms, with emphasis on the role 
of gene mutations and competition among genes. 

A system-hy-system examination of vertebrates in 
both adult and embryonic stages follows, beginning 
with a consideration of the skin and its products. The 
general plan followed is to present material relating to 
embryonic development and to the comparative anat¬ 
omy of adult forms in sequence in the same chapter, or 
group of chapters, devoted to a particular system. In 
connection with material relating to embryonic develop¬ 
ment, directions are given for study and drawing of 
sections and whole mounts of chick and pig embryos. 
For the study of the anatomy of representative adult 
forms, directions are given for dissection of the dogfish, 
Nectnrus, and the cat. The nervous system and sense 
organs are taken up last (chapter 17), which may be 
justifiable from a practical point of view but is not 
consistent with their developmental history. 

Gametogenesis and fertilization are taken up briefly 
in chapter fifteen, apparently being introduced at this 
time to follow study of the urogenital system in chapter 
fourteen. Only prepared slides of sections through the 
oviduct of Ascaris are indicated for use in the study of 
fertilization. It is unfortunate that directions for the 
utilization of appropriate living material have not been 
included. The subject matter of this chapter would 
seem more appropriately to follow chapter one. The 
various types of placenta are considered in chapter 
sixteen. Included here are directions for dissection of 
a pregnant sow’s uterus. 

The figures are generally adequate but undistin¬ 
guished. Many of them are photographs made from 
material in routine use in the author’s laboratory. 
Directions for drawing and dissections are sufficiently 
detailed to minimize the work of laboratory instructors. 
Laboratory directions are distinguished from text by 
appropriate section headings. Directions for drawing 
are prefaced by the word ‘‘draw” in bold-face type. 

The most important contribution made by this book 
is the attempt to integrate the laboratory work of com¬ 
parative anatomy and vertebrate embryology into a 
scheme suitable for use in an integrated course. It is 
pertinent to note that Washington University is not 
the only institution in which these subjects are now 
being taught in one and the same course. This manual, 
furthermore, reflects the current tendency to reduce 
the amount of time devoted to presenting descriptive 
aspects of biology and is designed to lend itself to 
courses of 100 to 120 clock hours of laboratoiy work. 

Obviously, whether an integrated course in com¬ 
parative anatomy and embryology is more successful 
in meeting student needs than separate courses in these 
subjects will depend in large part upon the ability of 
the instructor to carry the integration to the conceptual 
level This is considerably more difficult than the group¬ 


ing together of laboratory exercises. It is, perhaps, to 
be anticipated that some so-called integrated courses 
will be nothing more than a topical sequence telescoped 
into one-half or two-thirds the time that would other¬ 
wise be devoted to covering the same material. This in 
itself may not be undesirable, but would be considerably 
short of the intent of the author of this manual 
Teachers who are interested in developing an integrated 
course in comparative anatomy and embryology will 
no doubt find the present manual very helpful. 

Max Krauss 



Vertebrate Embryology. Third Edition. 

By Robert S. McEwen, Henry Holt and Company, 
New York. $4.90. xvi 4- 699 pp.; ill 1949. 

The third edition of this textbook remains primarily 
descriptive, but certain results obtained from experi¬ 
mental procedures have been included in the sections 
dealing with the Amphibia and Chick, With respect to 
the latter, for example, recent findings concerning 
gastrulation are described, evidence for and against 
homology of the chick primitive streak and amphibian 
blastopore is presented, A section on the development 
of the pig has been added. Literature references are 
given at the end of each section, and there is an index. 

Max Kratjss 



Fundamentals or Comparative Embryology of the 
Vertebrates. Second Edition. 

By Alfred F. Huettner. The Macmillan Company, 
New York. $5.00. xviii-f- 309 pp.; ill 1949. 

In preparing this second edition of his textbook 
Huettner has undertaken a fairly extensive revision of 
certain portions of the first edition. New material, in¬ 
cluding a chapter on the embryology of the pig, has 
been added. As was true of the first edition, the most 
notable feature of this book is the three-dimensional 
character of the illustrations. In this respect, Huettner’s 
textbook remains in a class by itself. The format is 
excellent. No list of references is g^ven. There is an 
index. 

Max Krauss 



An Introduction to Vertebrate Embryology. 
Second Edition. 

By H. X, Wieman. McGraw-Hill Booh Co^npany, 
Nm York, Toronto, and London. $5.00, x + 412 
pp.j ill 1949. 

In revising his textbook, Wieman has made a number 
of changes, mainly directed toward providing additional 
descriptive material on the frog, human embryology, 
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and mammalian organogenesis. Some 40 new illustra¬ 
tions have been added. As in the first edition, the 
comparative point of view has been maintained. Certain 
aspects of experimental embryology, chiefly concerned 
with amphibian development, are briefly discussed in 
an appendix. This material might well have been given 
the status of a chapter. A short list of references, in 
connection with the appendix, is the only bibliography. 
There is an index. 

Max Krauss 



La Science des Monstres. VAvmir de la Sci-ettce — 
27, 

By Etienne Wolf. Gallimard, Paris. 580 fr. 

(paper). 265 pp. + 40 plates; text ill. 1948. 

It is a peculiar and deplorable fact that no serious gen¬ 
eral treatise on teratology, the scientific study of 
monstrosities, has been published in the English lan¬ 
guage during the present century. With the exception of 
Schwalbe’s encyclopedic work, which has shared the 
fate of many another German Handbuch of having be¬ 
come out of date before its final completion, the sum¬ 
marization of current knowledge has come almost 
exclusively from French writers; the two Saint-Hilaires, 
Dareste, Rabaud, and many others. To these is now 
added the present book by fitienne Wolff. 

The author’s aim was to write a survey, in simple 
language and for a wide audience, of the principal 
methods and problems of teratology. These aims, in 
part imposed by the fact that the book was written 
while the author was a prisoner of war, have been 
adhered to with great success. The result is a well 
illustrated text w^hich lends itself admirably to an initial 
guidance through a complex and rapidly expanding 
field. The discussion is limited to vertebrate teratology. 
The original manuscript was completed in 1941, and an 
appendix was added in 1945. After a brief historical 
introduction, the book opens with a morphological 
account of the more common types of malformations. 
The first step in an analysis of malformations must 
always relate to their morphology, histology, and em¬ 
bryology. The author devotes one chapter to a presenta¬ 
tion in these terms of selected cases, viz., ectromely, 
phocomely, anencephaly, coelosomy, and facial clefts. 
Wolff then gives a description of the techniques of 
experimental teratology. These are divided into indirect 
methods, applied to the egg or embryo as a whole, such 
as variations of the environmental temperature, me¬ 
chanical shocks, or exposure to chemical agents, and 
dfwr methods, by which definite organ primordia are 
modified or eliminated with the aid of surgery and 
x-rays, transplanted to abnormal positions, or manipu¬ 
lated in other ways. One cannot agree here with the 
author’s assumption that ^findirect” methods neces¬ 
sarily produce their results by a modification of the 


general conditions of development, since there is evi¬ 
dence that their effects may he quite specific because of 
the selective susceptibility of particular parts. 

The experimental production of twins and duplica¬ 
tions is described in some detail. The following two 
chapters deal with various types of simple monsters, 
chiefly in chicken embryos, and with particular refer¬ 
ence to the author’s own beautiful experiments with 
x-rays. A negative aspect of the “direct” methods might 
have deserved some emphasis and discussion, namely, 
that they do not lend themselves to the production of 
teratological syndromes, such as are so generally 
brought about by genetic factors and environmental 
agencies. 

The following chapter elaborates on the “laws of 
teratogenesis.” Here there is much with which one 
cannot agree without strong reservations. Of these we 
can indicate but a few. According to the author’s first 
law, the initial step of teratological development is 
always a localized an'est. There are too many exceptions 
to make this a safe generalization, e.g., the coexistence 
of duplications and defects in the “duplicate” mutation 
of the fowl, the possibility of inducing supernumerary 
organs (e.g., brain, Tamini), the effect of sex or other 
factors on the incidence of abnormalities, and so on. 
According to the author’s second law, teratogenic fac¬ 
tors act on the presumptive primordia between the 
moment of determination and that of differentiation. 
But there are cases in which an abnormality is known to 
begin during differentiation (insulin-induced micro¬ 
melia) or even after its completion (brachymelia of 
rabbits); moreover, abnormalities may arise by a failure 
of determination to occur. Wolff’s third law relates to 
the existence of differential susceptibility among embry¬ 
onic tissues and is used to explain the origin of multiple 
abnormalities. It overlooks the fact that syndromes may 
arise because of differential needs of various parts, 
needs which in the presence of generalized metabolic 
disturbances cannot be met everywhere. Some other 
laws postulated by the author are less exceptional, 
but it is clearly too early to arrive at far-reaching gen¬ 
eralizations concerning tlie universal origin of mal¬ 
formations. 

Chapter 11 deals with spontaneous and experimental 
hermaphroditism, and chapter 12 with hereditary mal¬ 
formations. Additions in an appendix make it clear that 
at a later date the author would have discussed the 
problem of hereditary malformations differently and 
more extensively. A final chapter gives some general 
conclusions. Unhappily one cannot agree with the 
author that to know how to produce experimentally a 
particular malformation is tantamount to saying that 
its causes and mechanisms of formation have been 
explained. But such minor criticisms should not obscure 
the fact that the author has given us a very useful and 
valuable book. 

WaETEE' LANBAtTER 
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WoM^ui's Inside Story. 

By Mario .4. Cast alio arid- Cecilia L. Schulz, The 

MacmiUmi Company^ New York, $3.00. xii -f 203 

pp.; ill 1948. 

A practising g}"necologist and a nurse have pooled their 
experiences and talents in preparing this instructive 
and authoritative story of the development, structure, 
and function of the female reproductive system. Written 
in a clear, and simple fashion for popular consumption, 
the work is designed not only to impart knowledge, but 
to develop wholesome attitudes toward sex and the re¬ 
productive process. Particular emphasis is placed on 
the plea for women to give as much concern and care to 
their internal health or ailments as they give to their 
external appearance. 

The discussions are centered largely around normal 
reproductive development and physiological activity 
from the time of conception of the individual, through 
fetal life to birth, and from thence through childhood, 
adolescence, and menarche, the reproductive span, the 
menopause, and on to senescence. B 3 rways from this 
general scheme lead into detailed considerations of such 
topics as sterility, tumors, and pregnancy. Sufficient 
material on physiological abnormalities is included to 
give the average reader ample clues to the fact that 
some part of her reproductive system may need medical 
attention- Encouragement is given to the idea of routine 
physical examinations for health maintenance, in oppo¬ 
sition to the idea that the doctor should only be seen 
when sometlring goes wrong. Considerable effort has 
been expended to debunk many of the old wives’ tales 
concerning pregnancy and child-birth and to tear down 
the barriers of fear and false modesty which have been 
largely responsible for keeping women “in the dark” 
concerning their own “inside story.” A careful reading 
of the book would undoubtedly improve the outlook 
on life of countless women, of all ages from 16 to 60. A 
glossary and an index contribute much to the value of 
the work as a source of reference, 

B. Atjbrey Schneider 



ANIMAL MORPHOLOGY 

Biology oe the Vertebrates: A Comparative Study 
of Man and^ His Animal A Hies, Third Mition. 

By Merhert E. Wdkr and Leonard F, Sayles, The 
Macmillan Company^ N&w York $6.00. xx 4-375 
pp. '4* 1 plate; text ill 1949. , 

Tim book, now in ite twenty-second year, has reached 
legal' majority'—no ^ meaa^ acHevement for a bio¬ 
logical textbook, Unlike many people, the book retains 
'most of the whimsical,wa 3 ?s of its childhood. 

As nearly everyone must know by this time, Walter^s 
Bidogy^tfphe^.VerlSral^^^^h not a biology of the ver¬ 
tebrates. Nor is it the textbook of comparative anatoihy 
that it superfidiaily appears to be. It is designed quite 


frankly to ease young premedics into the work they 
will shortly be taking in medical school. It does an 
efficient and almost painless job, which doubtless ex¬ 
plains its continuing popularity. 

Sayles has reworked several of the chapters exten¬ 
sively, but the peculiar flavor of the earlier editions has 
been carefully preserved. More than half the illustra¬ 
tions have been redrawn and more fully and uniformly 
labeled, and many new illustrations have been added. 
Some will miss a few illustrations, like Raphael’s 
cherubs and the cartoon-like “hatching dinosaurs,” 
that may not have added much to tlie text but helped 
to lighten a subject that all loo easily becomes dull and 
ponderous. The general format of the book has been 
modernized, and the page size slightly increased. So 
has the price. Many additional years of useful life may 
be predicted for this standard textbook, 

D, Dwight Davis 



CoMP.ARATiVE Anatomy: An Introduction to the Ver¬ 
tebrates. 

By LevercU A. Adams and Samuel Eddy. John 

Wiley & Sons, N 0 ii> York; Chapman Sc Hall, London. 

$5.00. viii4“ 520 pp.;iU. 1949. 

Many biologists maintain that comparative anatomy is 
moribund as a science, and that the only decent thing 
for it to do would be to exi)ire peacefully and submit to 
a proper burial D. M. S. Watson, himself a comparative 
anatomist of note, described comparative anatomy in 
the 14th edition of the Encyclopedia Brltannica as “a 
term, now obsolescent..Proponents of these views 
(not shared by the reviewer) will find potent support 
for their arguments in this textbook, which is no worse 
than others in the English language and better than 
many. 

The authors divide the indivisible vertebrate body 
into the usual mutually exclusive morphological “sys¬ 
tems,” and then proceed to a dreary recital of facts— 
450 grim pages of them. The ultimate in fragmentation 
is achieved by dividing the description of each system 
into a series of air-tight compartments labeled, respec¬ 
tively, Fishes, Amphibians, Reptiles, Birds, and Mam¬ 
mals. It is inconceivable that a student could be inspired 
by such a parade of unrelieved and unrelated details. 

What is wrong that we have so sorry a textbook in a 
field as old and mature as comparative anatomy? The 
book is reasonably accurate, profusely illustrated, and 
is supplied with a glossary and an index running to 28 
pages each, and a bibliography. In physical appearance 
it is admirable, but as a presentation of the science of 
comparative anatomy it is a libel. The authors state 
(p. 105) that “comparative anatomy is a more dynamic 
approach to the study of anatomy than the mere learn¬ 
ing of the location and structure of organs and systems,” 
but this obviously crept in by mistake. Science is usually 
defined as the classification Of facts and the 
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lions derived therefrom. The present book is about as free 
of generalizations as is possible. Even homology, the 
broad generalization on which comparative anatomy is 
founded, is slurred over in two short paragraphs. 
Evolution, the most sublime of ail biological generaliza¬ 
tions, and indissolubly associated with comparative 
anatomy from the very beginning, is not even listed in 
the index! A science that is merely a recital of facts is 
not only dull and uninteresting; it is not even a science, 
but only the raw material from which a science can be 
built. 

The few surviving comparative anatomists will 
probably weep alone at this travesty on their science. 
But the real impact of such tragically inadequate text¬ 
books is on biological research as a whole. If generations 
of biological researchers—to say nothing of teachers of 
further generations—are to grow up in ignorance of the 
real meaning of comparative anatomy, then the whole 
framework of biological science is weakened by just 
that much. 

What would be a good textbook of comparative 
anatomy? It surely would review the several outstand¬ 
ing contributions that comparative anatomy has made 
to biological theory. It would stress the intimate rela¬ 
tions between structure and function tliat make com¬ 
parative anatomy meaningful. It would be guided 
throughout by the important distinction between the 
biological and other sciences—the fact that living 
organisms, without exception, have been conditioned 
b}?- the vicissitudes of their respective histories. Some 
biologists, in their zeal to get at the fundamentals of 
biology, forget this most fundamental of all biological 
facts. And finally it would remind the student, re¬ 
peatedly, that comparative anatomy is not finished, 
but that important and exciting discoveries are still to 
be made. 

There is no point in inveighing against geneticists, 
embryologists, physiologists, and others for failing to 
recognize that comparative anatomy is not dead. It is 
the comparative anatomists themselves who are re¬ 
sponsible for the delinquency of comparative anatomy. 
I specifically charge this book with contributing to the 
delinquency of a science. 

D. Dwight Davis 



The Vertebeate Body. 

By Alfred Sherwood Romer, W* B. Saunders Com¬ 
pany, FhiladdpMa and London. $5.50. viii 4- 
pp.; ill, 1949. 

The teaching of comparative vertebrate anatomy has 
long sufiered from the lack of a truly adequate modem 
textbook written in the English language. Hiis state¬ 
ment is made with full cognizmice that there are ade¬ 
quate and excehent textbooks m the traditional jpoanner. 
But in these Kttle or no attention has been paid to con¬ 
nate sdoices such as physiology, experiinental ainbry- 


oiogy, and genetics, so that they are essentially ana¬ 
tomical or morphological in the narrower sense, too 
often in the moribund Gegenbaurian tradition. And, 
moreover, too many comparative-anatomical textbooks 
have been written by people who were not professionals 
in that field and who consequently have had no real 
knowledge of the true comparative method. 

In the opinion of tlie reviewer, Romer has at last 
supplied us with a triily adequate book, in fact with a 
superior one that may play a considerable role in the 
rehabilitation of this branch of biology. As has been 
pointed out elsewhere, comparative anatomy, if it is to 
recover lost ground and to prosper, must become 
broader in scope—in fact, it must become a com¬ 
parative biology in place of the narrower, traditional 
comparative anatomy or morphology. Romeros book 
meets this demand. In his introductory Apologia he 
lists six desiderata for the adequate comparative text: 
“1. Fairly adequate illustration.... 2. A truly com¬ 
parative treatment.... 3. Proper paleontological back¬ 
ground_4. A developmental viewpoint_5. In¬ 

clusion of histological data.... 6. Consideration of 
function.’* The body of the text reflects this point of 
view. The illustrations in general are first-rate, being 
neither too schematic nor overcrowded with details. 
The treatment of the body is truly comparative, human 
structure not being overemphasized but presented in 
its proper perspective. If the reviewer can find any 
fault, it is with the tendency toward an overemphasis 
of the reptiles, and to a less extent the fishes, with ac¬ 
companying neglect of the amphibians. That there is 
proper and adequate paleontological background goes 
without saying, for the accomplishments of the author 
would guarantee that. If anything, one may feel at 
times that this aspect of the subject is a bit overdone— 
but every textbook necessarily reflects the interests of 
its author, and rightly so. Indeed, the presentation of 
the fossil evidence represents one of the most brilliant 
and stimulating aspects of the book. The embryology 
is comprehensive and takes cognizance of the contribu¬ 
tion of the experimental method. That the included 
histology is largely mammalian merely reflects the gaps 
in our knowledge and at the same time points up one of 
the most promising fields for comparative study, es¬ 
pecially if morphological methods are combined with 
those of physiology and chemistry. The frequent sec¬ 
tions on physiology are concise, yet extraordinarily 
well done, and make amends for the *^dead-house” 
treatment of the vertebrate body that is predominant 
in current courses on comparative vertebrate anatomy. 

The book is so uniformly excellent that to single oitt 
separate parts is perhaps unjustifiable. But it may be 
noted that such subjects as “the homology concept,’’ 
^‘adaptation and evolution,” the rektionship between 
ontogeny and phylogmy, “the germ layers,” and nerve- 
muscle rdatibnship receive wholly mqdeitt treatiumt 
without the lingering tiBC^ of Chveiflsm, Lan^rcMsm, 
Haeckelism, and Ffirbriagerisna so often fnund in other 
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books. The chapters that deal with the skeleton are 
superior in quality. Those on the nervous system and 
the sense organs are among the best to be found in 
books of this sort The muscular system, a subject that 
presents great difficulties of treatment and that is con¬ 
sequently badly dealt with or else grossly neglected in 
most comparative-anatomical texts, is handled, for the 
most part, with great skill—which reflects Romer’s 
recognized status as an outstanding comparative rayolo- 
gist 

It has been a great pleasure to review this book. For, 
in the opinion of the reviewer, it is without serious 
defects. To dwell upon its minor errors and its treat¬ 
ment of certain controversial points would be to cavil, 
indeed. It is not only authoritative, but well written 
and easy to read, in addition. It should go a long wa}^ 
toward advancing the cause of comparative biology in 
this country. 

William L. Stiuius, Jr. 



Beksley’s Practical Anatomy or the Rabbit: An 
Elementary Laboraiory Text-Book in Mammalian Anat¬ 
omy, Eighlh Edition, 

Revised and edited by E, Eorne Craigie, The Blakis- 
ton Companyf Philadelphia. $4.25. xii + 391 pp.; 
m. 1948. 

A number of small changes and additions have been 
made in the present revision of this well-known ele¬ 
mentary laboratory textbook on the anatomy of the 
rabbit. Among other additions, there is a new section 
on fetal circulation. The chapter on General Anatomy 
and the section on the description of the larynx have 
been expanded a little. Some new illustrations have been 
added and some old ones replaced by new photomicro¬ 
graphs. 

Bavid B. Tyler 



Collateral Circulation; Anatomical Aspects. 

By Danid P. Quiring; illustrated by Margaret Holman. 

Lea & Fehiger^ Philadelphia. $5.00. 142 pp » ill 

1949. 

Quiring here presents the anatomy of the arterial and 
venous bypaths that develop on occlusion of major 
vessels, and reviews certain aspects of their physiology. 
In so far as the book describes the topography of these 
vascular pathways, it is concise and well-informed, but 
where it becomes theoretical it is frequently poorly 
digested and unclear. 

The l^ok consists of 128 pages of text and excellent 
iEustrations, plus a carefully selected bibliography and 
a good index. The contents include a brief historical 
review that shows dearly how much of the work on 
circulation is not modern; a descriptive embryology 


relating how primitive vascular networks become differ¬ 
entiated in the early development of the individual; a 
discussion of vascular dynamics; and a well conceived 
regional presentation of tlie major collateral pathways, 
both arterial and venous. 

The material is presented in such form that specific 
information can be located easily, and there are no large 
gaps in either the classical or recent descriptions of 
collateral routes. The inclusion of recent information is 
well typified by the generally excellent treatment of tire 
collateral coronary circulation. Practical illustrative 
material is inserted from time to time. The unusually 
readable type, clear illustrations, and pleasant format 
are also deserving of comment. 

In general, where the literature is reviewed, the 
author has failed to correlate information in the papers 
of various writers and has presented insufficient material 
to provide a basis of judgment for the reader. Certain 
physiological concepts are confusingly presented. As a 
specific example, the limitations in tlie applicability 
of the 4th power law (Poiseuille’s law) are not made 
clear, despite the fact that this principle holds only for 
small tubes where the viscosity of the contained fluid 
is an important factor in the rate of flow. It is unfortu¬ 
nate also that the various concepts of the term ^^end 
artery” are not defined. Collateral Circidation should 
prove to be a useful reference book for anatomists and 
surgeons, and in addition it is interesting enough to 
attract students and should attain a considerable 
popularity. 

E. Converse Peirce, 2ni) 



Surgical Technique and Principles of Operative 
Surgery. Fourth Edition, 

By A. V. Partipilo; foreword by Alton Oschsner; 
original illustrations by W, C. Shepard and Hooker 
Goodwin. Lea Sc Febiger, Philadelphia, $15.00, 
676 pp.; ill. 1949. 

Surgical Technique, as presented by Partipilo, is well 
grounded in the basic disciplines of anatomy, pathology, 
and physiology, but despite its stated purpose to pro¬ 
vide a '‘practical reference text for the surgeon/^ it 
constitutes primarily an approach to surgery for the 
student. There is great emphasis on fundamentals of 
technique, with chapters on suture material and knot- 
tying. Anatomy is well represented, with individual 
sections devoted to the abdominal wall and the peri¬ 
toneal cavity. 

In general, the book is more restricted than most 
textbooks of operative surgery. The author has provided 
thirty chapters on general principles, the stomach, 
duodenum, small intestine, breast, and thyroid gland, 
and some of these subjects have been given dispropor¬ 
tionate emphasis. The remaining twenty-three chap¬ 
ters, by eight authors, cover the thorax, biliary pas- 
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sages, large bowel, anus and rectum, kidney, peripheral 
vascular disease, facial injuries, and blood transfusions. 
There are many large gaps, and much of the material 
not written by Partipilo is too briefly covered to be of 
use to any but the casual reader. It is unfortunate also 
that the most complete chapters have the best bibli¬ 
ographies, while the briefest have none. Cardiac surgery, 
for instance, is dispensed with in four pages without 
references, though the twenty-one page chapter on 
duodenal obstruction has fifty-one references. 

The main body of the book is well written and 
sensible. Generally only one surgical method is pre¬ 
sented in detail. The text is greatly enhanced by the 
unusually fine line drawings of W. C. Shepard and 
Hooker Goodwin. Partipilo’s book can be highly recom¬ 
mended to students and practitioners seeking an 
approach to surgery, but it will prove a disappointment 
to those who desire a complete coverage of the field. 

E. Converse Peirce, 2nd 



ANIMAL PHYSIOLOGY 

Respiratory Enzymes. Second Edition. 

By Laurens Anderson, Robert E. Burris, Phillip P. 
Cohen, C. A. Elvehjetn, M. J. Johnson, Henry A, 
Lardy, G. A. LePage, Henry Little, R. W. McGihery, 
W. H. McShan, G. W. E. Plant, Van R. Potter, W. C. 
Schneider, and P. W. Wilson; edited by Henry A. 
Lardy. Burgess Publishing Company, Minneapolis. 
$4.50. hi + 290 pp.; ill. 1949. 

This is an excellent textbook covering the subject of the 
respiratory enzymes and, like the first edition, will be of 
special interest to the investigator in the field of enzyra- 
ology. In essence, this revision was made in order to 
include the most recent developments in the field and to 
delete much that has become obsolete. The text opens 
with an excellent historical treatment of the subject 
(C. A. Elvehjem), and is followed by sections dealing 
with such subjects as the Kinetics and Mechanisms of 
Enzyme Reactions (P. W. Wilson); Oxidation-Reduc¬ 
tion Potentials (Marvin J. Johnson); Table of Oxida¬ 
tion-Reduction Potentials (Laurens Anderson and G. 
W. E. Plant); Coenzymes and Activators (G. A. 
LePage); Dehydrogenases (W. H. McShan); Cyto¬ 
chrome Systems (Van R. Potter); Oxidases, Peroxi¬ 
dases, and Catalase (R. H. Burris and Henry N. Little); 
Glycolysis (Henry A. Lardy); The Citric Acid Cycle 
and the Cyclophorase System (David E. Green); 
Enzymatic Systems Concerned with the Metabolism 
of Certain Nitrogen Compounds (Phillip P. Cohen and 
Robert W. McGilvery); Energy Relations in Metabolic 
Reactions (Marvin J. Johnson); The Control of 
Metabolism (Van R. Potter); and the Distribution of 
Enzymes Within the Cell (Walter C. Schneider). 

David B. Tyler 


Manometric Techniques and Tissue Metabolism. 
By W. W. Umbreit, R. H. Burris and J. F. Stauffer; 
chapters on specialized techniques by P. P. Cohen, G. A. 
LePage, V. R. Potter, and W. C. Schneider and con¬ 
tributions by J. A. Bain, D. E. Green, H. A. Lardy, 
A. L. Lehninger, R. W. McGihery, and R. Wennes- 
land. Burgess Publishing Company, Minneapolis. 
$4.00. v-f 227 pp.; ill. 1949. 

This edition of this useful and practical manual Is a 
considerable improvement over the first. It has been 
very extensively revised and rearranged, and many new 
figures and charts have been added. The tables have 
been reset, improving not only their appearance but 
also their readability. As in the first edition, there will 
be found chapters on Specialized Techniques by P. P. 
Cohen, G. A. LePage, V. R. Potter, and W. C. 
Schneider. Other contributors to this edition are: J. A. 
Bain, D. E. Green, H. A. Lardy, A. L. Lehninger, R. W. 
McGilvery, and R. Wennesland. The chapters on 
chemical and special methods have been expanded to 
include a number of new and valuable techniques which 
have recently been developed. A short section on the 
use of isotopic tracers in the Warburg apparatus has 
been included, with suggestions as to how such proce¬ 
dures may be appHed to the study of enzymatic reac¬ 
tions. However, since it fell outside the scope of this 
book, no detailed consideration has been given to the 
instrumentation and techniques involved in the use of 
isotopic tracers. An extensive section by R. Wennesland, 
describing volumetric apparatus for the study of tissue 
metabolism, and one by D. E. Green on the preparation 
of cyclophorase have been added to this edition. There 
is also an entire new chapter by W. C. Schneider on the 
isolation of particulate components in the cell Practi¬ 
cally all of the chapters have been very thoroughly 
revised, and the book is now bound with a hard, durable 
cover which will improve its usefulness in the labora¬ 
tory. For subsequent editions, it is suggested that the 
index be expanded to include an author^s index. This 
manual will undoubtedly be a valuable addition to the 
personal library of all tliose who are interested in 
problems of tissue metabolism. It will also serve as a 
laboratory companion to Respiratory Enzymes, reviewed 
in this journal on p. 97. 

David B. Tyler 



A Textbook or Physiology. Sixteenth Edition. 
Edited by John F. Fulton; with the coUdboration of 
Donald H. Barron, John R. Brobeck, Robert W. Clarke, 
George R. Cowgill, Paul F. Fenton, William XJ. 
Gardner, Samuel Gdfan, Hand I. Hitchcock, David 
P. C. Lloyd, Leslie F, Nims, Theodore C. Ruch and 
Jane A. Russdl; originally by William H. HowelL 
W. B. Saunders Company, PkiladdpMa and London. 
$10.00. xi -M258pp,; ill 1949. 
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This volume in its 16tli Edition (the second revision by 
John Fulton and his collaborators) ranks among the 
very few truly' excellent physiological textbooks. Since 
this edition, compared with the 15th published 3 years 
ago, has been rather extensively revised and rewritten, 
this review will deal with major changes. The 15 th 
Edition has been adequately reviewed in Q. R. B. 

200. 1946. 

The text is now divided into thirteen principal 
divisions, instead of the ten found in the 15th Edition. 
The most extensive addition is the inclusion of a much 
needed division on Endocrines, prepared by Jane 
Russell. A separate division on Muscle has been pre¬ 
pared by Samuel Gelfan, thus leaving to David Lloyd 
the responsibility for the chapters dealing with the 
principles of nervous activity. (In the i5th Edition, 
Lloyd covered both Muscle and Nerve.) Another addi¬ 
tion is a contribution by T. C. Ruch on the Urinary 
Bladder. The division on the Central Nervous System 
has been shortened by about 40 pages through deletion 
of obsolete material, both in text and illustrations. J. R. 
Elkinton has rewritten the chapter on the Kidney, and 
R. B. Livingston has contributed a section on the 
Cerebrospinal Fluid. The chapter on the genetic aspects 
of physiology has been dropped. In preparing this 
edition there has been some departure from the simple 
and lucid style of Howell. Nevertheless, the book is 
still one of the very few major textbooks suitable for 
use hy advanced students of physiology. 

Davxd B, Tyler 



Ah iNTRODtrcTiOH TO Gastro-Ehterology. Fourth 
Edition. 

By Walier C, Alvarez. Paul B. Eoebefj Medical 

Book Department of Harper & Brothers^ New York. 

112.50. xxiv-f 903 pp.; ill. 1948. 

Since 1922, An Introduction to Gastro-Enterology has 
been the standard source book in its field, and de¬ 
servedly so. This edition maintains the standard set by 
the three previous ones. The bibliography has been in¬ 
creased by twenty-five per cent, to include 2800 titles. 
The subjects most extensively modified are those con¬ 
cerned with the innervation of the gastro-intestinal 
tract, the functions of the colon, the electro-entero- 
gram, and with technical methods and apparatus. In all 
of this, the hand of an old master in the field is evident. 
The reader knows that the evaluations made are the 
result of a very extensive laboratory and clinical ex¬ 
perience indeed. ' ' 

Tbe mark of the earlier editions is still very evident. 
From the outset, and rectirrently, the subject of the 
existence, mechanism, and functions of gradients of 
intestinal activity are assessed and stressed. It is the 
dominant theme in the dismssibn of normal and ab¬ 
normal intestinal activities. The author has drawn 
heavily upon andJlary fields in biology in efforts to 


clarify all points. This is stimulating to the inquisitive 
reader, and it challenges the imagination. One recog¬ 
nizes over and over again how elusive a thing an abso¬ 
lute understanding of a biological function is I To 
explain one process by a similar process involves a 
semantic tautomerism which leaves one wondering, 
What is the beginning and where is the end? 

The volume is large, well-printed, and handsomely 
illustrated. Only the index is brief and inadequate. The 
inclusion of photographs of numerous workers, past 
and present, who have made important contributions 
in the field is, one feels, incomplete: modesty forbidding 
the inclusion of a picture of Alvarez himself. This 
volume is so extensive, so sound, and so valuable that 
the reader will feel he has been denied a privilege in not 
seeing in this gallery the author’s picture along with the 
rest. 

S. R. M. Reynolds 



Secretion of Milk. Third Edition. 

By Dwight E$pe. The Iowa State College Press^ 

Ames. $3.50. viii-h 314 pp.; ill 1946. 

This book represents fifteen years’ collection of material 
for the teaching of a college course in milk secretion. A 
very large amount of information is presented in brief 
form. The book consists of three parts. The first part 
covers the phylogenesis of the mammary gland and the 
anatomy of the udder. The author is very modest, stat¬ 
ing in the preface that he “may have failed to grasp the 
true significance of the work which has been reported.” 
His point of view is obviously that of a searcher among 
the research results of the physiologist, anatomist, and 
nutritionist for facts which may be pertinent in under¬ 
standing why and how cows secrete milk. The narrow¬ 
ness of the account is somewhat exaggerated by the 
author’s not wholly acceptable statement: “The mam¬ 
mary glands of many mammals, especially domesticated 
mammals, are interesting from a scientific view, but in 
America at the present time the practical importance of 
the milk of the cow makes a Icnowledge of her udder 
more important than an understanding of that of any 
other species.” 

Part Two consists of four chapters. The chapter on 
nervous control of milk secretion is rather confusing. 
The chapter on the factors affecting the amount and 
composition of milk, including the effects of age, season, 
reproductive state, and inheritance is well done. The 
review of hormonal control of milk secretion is lucid 
and effective. Espe properly concludes, however, tliat 
“the practical significance of the many recent dis¬ 
coveries in endocrinology can only be surmised.” The 
third part of the book summarizes research on the 
effects of feed on the amount and composition of milk. 
The literature cited consists of 1294 fitles. 

T. C. Byerly 
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Endocionologie des Arthropodes. Colloques Inter- 
naiionaux du Centre National de la Recherche Scien- 
tifique, IV. Paris^ Juin 1947. 

Centre National de la Recherche Scientifiquej Paris. 

1000 fr. (paper). 213 pp. -f 1 plate; text ill. 1949. 
This report on the International Colloquium on the 
Endocrinology of Arthropods, held in Paris in June, 
1947, and published as Supplement XXXIII to the 
Bull, hiologique de France et Belgique^ contains the 
following papers: The Retrocerebral Endocrine Glands 
of Insects (Cazal); The Hormonal Control of Moulting 
and Metamorphosis in Insects (Wigglesworth); De¬ 
terminism of Metamorphosis in Lepidoptera 
(Bounhiol); The Endocrinology of Diapause (Williams); 
The Reactions of Crustaceans to Insect Hormones (M. 
Thomsen); An Experimental Study of the Metamorpho¬ 
sis of Sidis lutaria L. [Megaloptera] (Geigy); The 
Gonadotropic Hormones in the Dip tera (E. Thomsen); 
The Sexual Hormones of Insects (Joly); The Chemistry 
of Insect Hormones (Timon-David); Brain Centers and 
Incretory Organs in the Head of Crustacea Malacos- 
traca (Hanstrom); Migrations of the Retinal Pigments 
and Their Regulation by the Sinus Gland (Kleinholz); 
Colour Change and Colour Hormones in Crustaceans 
(Carstam); The Problem of the Number of Hormones 
Concerned in the Pigment Movements of Crustaceans 
(Knowles); The Sinus Gland and the Maturation of 
Genital Products in Shrimps (Panouse); The Sinus 
Gland, Moulting, and Metabolism in Crustaceans 
(Drach); General Report on the Endocrinology of 
Insects (Wigglesworth); General Report on the Endo¬ 
crinology of Crustaceans (Drach); and Three Principal 
Incretory Organs in the Animal Kingdom (Hanstrom). 



The Adrenae Grand. 

By Frank A. Hartman and Katharine A. Brownell. 

Lea & Febigefj Philadelphia. $12.00. 581 pp.; ill. 

1949. 

This book is a timely and substantial compendium of 
research on the adrenal gland. The authors have at¬ 
tempted to treat all phases of the subject. To summarize 
a field as active as that of the adrenal, which at present 
seems to be exploding in all directions, is indeed an 
ambitious task. The book includes some discussion of 
the anatomy, histology, development, biochemistry, 
physiology, patliology, and diseases of the adrenal, 
with chief emphasis on physiology. Of thirty-four 
chapters, six are concerned with epinephrin and medul¬ 
lary function, thirteen with the physiology of cortical 
function, chiefly in relation to electrolyte and water 
exchange, energy metabolism, and endocrine inter¬ 
relationships, and eight with adrenal diseases. It con¬ 
tains an impressive bibliography of well over 3000 
references, but no date on which the bibliography tvas 
closed. The material has not been particularly well 
organized, treatment is sometimes perfunctory, and not 


free from contradictions. It does not present any out¬ 
standing syntheses, nor on the other hand any preten¬ 
tious guess work. It does constitute an assemblage of 
the outcome of a vast number of physiologist-hours, 
and will be useful as a work of reference for the spe¬ 
cialist. However, the treatment of any subject is seldom 
intensive enough to be more than a first approach to it. 
In effect, the book has not surmounted the contempo¬ 
rary Sturm und Drang in endocrinology, which as 
many of us believe, can probably only be ordered in a 
satisfactory and enduring sense by the gradual develop¬ 
ment of a theoretical chemistry of life processes. 

As a conscientious summation, this is of necessity a 
book which faces largely toward the past—a past where 
physiology has been hewing the wood and drawing the 
water of primitive first approximations, rather than 
toward the future of an adrenal physiology attuned to 
the music of the molecules. 

Evelyn Howard 



Electrocardiographic Technique. A Manual for 
Physicians^ Nurses and Technicians. 

By Kurt Schnitzer. Grime St Stratton, New York. 

$3.50. 96 pp.; ill. 1949. 

This little book deals exclusively with electrocardio¬ 
graphic technique, and is intended particularly for the 
technician not trained in the field of electrocardi¬ 
ography. The manual covers the following topics in a 
clear and concise manner: The Human Heart; The 
Electrocardiographic Machine; The Electrocardio¬ 
graphic Room and Preparation of the Patient; The 
Recording of the Electrocardiogram; The Standardiza¬ 
tion of Precordial Leads; Special Procedures and 
Devices; Distortion of the Electrocardiograph and its 
Elimination; Finishing of the Record; and Mounting 
and Filing. Although tliere is no attempt to instruct the 
reader in the interpretation of records, some considera¬ 
tion is given to a few patterns that can be mistaken for 
artefacts. The style of writing is simple and lucid. It 
is excellently illustrated with original drawings and 
photographs and contains an adequate bibliography and 
index. This sound little book should prove a very useful 
addition to the personal library of nurses and tech¬ 
nicians. 

David B. Tyler 



Die Eiemente der nerySsen Tatigkeix. 

By A. E. KommUUer. Georg Tkieme V&rlagy Stutt¬ 
gart. RM 13,50 (paper), viu H- 120 pp.; ill. 1947, 
This review monograph is an interesting attempt to 
correlate the structure and chemicaP constitution of 
nervous tissue with its functional activity. Principal 
attention has been given to the ^^neurone theory” 
and the synapse problem, and various points of view are 
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presented. As in all previous attempts to reconcile the 
findings and concepts of the "‘neuronists/’ who see no 
evidence of any continuity of neurofibrils from cell to 
cell in synaptic areas, and of those who advocate a 
syncytial doctrine of nerve cell, and neuroglial, struc¬ 
ture, the choice is finally made well to one side of the 
middle. A novel twist is added, however, in that neuro¬ 
fibrils are represented as showing discontinuity, but as 
ending, nevertheless, wiihifi the cell of termination. 
Unfortunately, original evidence for the intracellular 
location of the synapse is not offered, nor is the evi¬ 
dence of the older syncytialists marshalled in a con¬ 
vincing way. In the reviewer’s opinion, however, credit 
is due the author for giving the non-neuronal elements 
of the nervous tissue more attention than is customary, 
although a really useful working hypothesis of their 
function does not appear to be offered. 

David Bodian 



Chemical Insect Attractants and Repellents. 

By Yincmt G. Dethier. The Blakiston Companyj 

Bhiladelphia and Toronto, $5.00. xvi -j- 289 pp.; 

ill. 1947. 

The main purpose of this book is to bring together from 
a scattered literature in several fields the information 
which mil contribute to an understanding of the chemi¬ 
cal, physical, biological, and physiological factors which 
underlie tlie effectiveness of attractants and repellents. 
For its contributive significance in relation to this pur¬ 
pose much information has been furnished regarding the 
substances and devices that contribute to insect con¬ 
trol, and those to whom these aspects are of primary 
concern are referred to the several detailed discussions 
of these matters. Similarly, although chemoreception is 
the fundamental basis underlying the stimuli and re¬ 
sponses involved in the action of attractants and re¬ 
pellents, the book is not intended as a comprehensive 
treatment of chemoreception per se. Rather, the book 
effectively furnishes a comprehensive insight into in¬ 
sects’ chemoreception as fundamental behavior on 
which practical procedures and further research may 
be based. As a result, the author’s main purpose is 
achieved mth notable success, and the book is a highly 
enlightening, interpretive, and stimulating volume of 
far wider interest and significance than its title might 
indicate. 

It is clear that the author hopes that better under¬ 
standing of the basic aspects of attractants and re¬ 
pellents will contribute to the knowledge of insect 
behavior and ecology, and even to a better understand¬ 
ing of the evolution of certain of their habits and be¬ 
havior patterns. It is clear also that the author hopes 
that the book may lead to work that will contribute to 
our knowledge of the host-parasite relations and food- 
plant preferences of insects, and also to a fuller under¬ 
standing of the bases of physiological races among the 


insects. Within the 289 pages of this compact book are 
contained the interpretation and evaluation of a tre¬ 
mendous amount of significant but scattered literature, 
together with much original work by tlie author, whose 
outstanding contributions in the investigation of the 
essential bases of selection of food plants by insects 
preeminently qualifies him to write this treatise. 

In type and format the book is attractive. The illus¬ 
trations are excellent and effectively supplement the 
text. Since the chapters cover fields which are neces¬ 
sarily diverse, although essential to the fundamental 
plan of the work, the lists of pertinent literature are 
placed at the end of each chapter. While this arrange¬ 
ment inevitably involves some repetition, it is highly 
helpful to the reader. 

The general plan of organization followed in the 
book is an effective one. After a Preface of pages in 
which the objectives and the fundamentals of the book 
are set forth, there is a brief Foreword by Professvi 
Brues, emphasizing the extensive ramifications and the 
significant implications to be derived from the basic 
physiological theme of the relation of the senses of 
smell and taste to the behavior of insects. The first 
chapter, after a historical background and a definition 
of the terms attractant and repellent, points out that 
the stimuli involved are fundamentally chemical in 
nature. The major types of physical stimuli are then 
briefly discussed in their relation to these. In the second 
chapter, the nature of chemical attractants is con¬ 
sidered in detail. Here is clarified the fundamental fact 
that odors alone are involved in the chemical attrac¬ 
tants, while both odors and tastes may serve as re¬ 
pellents, through calling forth simple avoiding reactions. 
Although this chapter emphasizes the two great classes 
of attractants, those which direct the insect to suitable 
sites for laying eggs and those which direct it to its 
food, there are also excellent discussions of other 
attractants, such as the sex scents which result in 
spectacular assembling, and the recognition odors so 
important among social insects. After a comprehensive 
consideration of the attractants for oviposition, there 
follows a survey of the attractants which direct insects 
to their food, with a discussion of the classificational 
schemes by which insects may be grouped according to 
their feeding habits. Finally, the author notes the three 
well-defined groups into which the chemical food type 
of attractants falls, and briefly outlines these as the 
categories which are to be examined in detail in the 
three comprehensive chapters that follow. 

Chapter 3, on the essential oils, resins, and related 
substances which are the fundamental plant products 
attracting insects that feed on leaves, flowers, fruits, 
wood, and sap, is a highly effective treatment of 35 
pages, with a summarizing discussion and extensive 
bibliography. Here is brought together the pioneer 
work of the author himself and of other investigators 
of this fascinating field, work tliat effectively sub¬ 
stantiates the final conclusion that the so-called botan- 
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ical sense of insects, which governs their relation to 
certain taxonomic groups of plants, basicaily depends 
on the presence of these substances. 

Chapter 4 discusses in detail the products of fer¬ 
mentation, such as alcohols, acids, aldehydes, esters, 
and carbinols, which direct the carpophagous, xylo- 
phagous, mycetophagous, and sap-feeding insects. In¬ 
formation of a fundamental chemical nature explains 
the basis of the attractants for such destructive insects 
as the fruit moths and fruit flies, the codling moths and 
borers. The discussion brings out the interesting points 
that insects attracted by products of fermentation are 
not rigidly specific in their feeding habits, and hence 
that many insects whose life activities have no rela¬ 
tion to natural fermenting materials may be lured by 
such attractants. It further clarifies the fact that 
products of fermentation serve primarily as feeding- 
type attractants, and serve secondarily, and for rela¬ 
tively few insects, as attractants for suitable sites for 
egg-laying. 

Chapter 5 (36 pages) furnishes a detailed discussion 
of the fundamental products of protein and fat de¬ 
composition, emphasizing the fatty acids, amines, 
ammonia, carbon dioxide, and other products which 
attract many types of insects to diverse decaying nat¬ 
ural substances. Chapter 6 furnishes a very valuable 
survey of the work which has been done by means of 
olfactometers to determine with precise quantitative 
accuracy the attractive or repellent properties of var¬ 
ious materials. The discussion of tlie advantages and 
disadvantages of various types of olfactometers gives 
helpful understanding of experimental procedures by 
which dependable information has been obtained, and 
furnishes the investigator with the understanding and 
implementation on which such work must be based. 
While this chapter is especially useful for the research 
worker, yet it is also of general value in furnishing the 
fundamental knowledge and understanding on which 
an evaluation of such work must depend. Chapter 7, 
in its interpretive consideration of baits and traps, 
contrasts the empirical procedure of testing hundreds 
of miscellaneous chemical compounds with the more 
logical procedure of applying the fundamental prin¬ 
ciples of an understanding of chemoreception in insects 
to obtain more effective practical results. The im¬ 
portance of the feeding-type of attractants is stressed, 
as is the importance of investigating those types of 
compounds which meet the preference of insects for 
certain molecular combinations and concentrations; 
and the relation of these more fundamental factors to 
specific problems in trapping is effectively exemplified. 

Thus the major part of the book is concerned with 
attractants. It remains for Chapter 8 to consider (in 
31 pages) the problems involved in repellents, chiefly 
of the chemical t 3 q)e. The application of these to in¬ 
sects which are blood-sucking, disease-carrying, crop- 
or product-destroying or otherwise noxious is effectively 
set forth with a wealth of fundamental material on 


which the application of repellents must be based. 
Chapter 9, on the chemical basis of taste and olfaction, 
is a fundamental and significant one in its analysis of 
what has been contributed to an understanding of the 
chemical basis of taste and odor, while the final chap¬ 
ter summarizes and evaluates the work that has been 
done toward interpreting the evolution of feeding 
preferences among certain groups of insects. 

The exacting standards of the author are reflected 
in the absence of even minor errors. The only product 
of tj^ographical fermentation acting as an attractant 
to your reviewer is the startling word “arattctant,” 
which, even though it comes at the very beginning of 
an excellent paragraph on the definitions of terms, 
proves more disconcerting than misleading. 

An extensive author index is not only useful in itself 
but also gives a convenient means of locating the many 
valuable references assembled at the ends of the var¬ 
ious chapters. Included here are authors mentioned 
only in the references, the listing of Osterhout, for ex¬ 
ample, referring to the paper by him in the literature 
references of Chapter 9, the work itself not being speci¬ 
fically mentioned in the text. The detailed subject 
index, comprising 19 pages, contributes to the utility 
of the book. 

The two aspects of the work which impress this re¬ 
viewer particularly are first, the diverse and numerous 
aspects of biology, in its broadest sense, on which the 
contents of this book have significant bearing; and 
second, the wealth of fascinating problems which posi¬ 
tively plead for investigation as a result of the pro¬ 
vocative questions brought up in every chapter of this 
stimulating book, 

W. H, Weston 



Theory of Hearing. 

By Ernest Glen Wever. John Wiley & Sons^ New 
York; Chapman & EaU, London. $6.00. xiv 484 
pp.; m. 1949. 

The author has divided this book into three sections. 
The first section presents an historical treatment of the 
classical theories of hearing, from the days of the Greek 
philosophers up through the early part of the twentieth 
century. The second section deals with the modern 
developments of these theories, and includes some of 
the anatomical and neurophysiological data pertinent 
to these developments. The third, and largest section, 
presents the author^s own theory, and relates Ms theory 
to the neurology and psychophysical data of hearing. 
The Mstory of auditory theory is an excellent presen¬ 
tation, and should be required reading for all students 
in the field of hearing. The development of the se¬ 
quences of ideas, and the relatedness of various theories 
is very well handled. Likewise, when the author is 
dealing with factual data in the area of anatomical 
and neurophysiological data, he is at his best When, 
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presented. As in all previous attempts to reconcile the 
findings and concepts of the “neuronists,” who see no 
evidence of any continuity of neurofibrils from cell to 
cell in synaptic areas, and of those who advocate a 
syncytial doctrine of nerve cell, and neuroglial, struc¬ 
ture, the choice is finally made well to one side of the 
middle. A novel twist is added, however, in that neuro¬ 
fibrils are represented as showing discontinuity, but as 
ending, nevertheless, within the cell of termination. 
Unfortunately, original evidence for the intracellular 
location of the synapse is not offered, nor is the evi¬ 
dence of the older syncytialists marshalled in a con¬ 
vincing way. In the reviewer’s opinion, however, credit 
is due the author for giving the non-neuronal elements 
of the nervous tissue more attention than is customary, 
although a really useful working hypothesis of their 
function does not appear to be offered. 

David Bodian 



Chemical Insect Atti^actants and Repellents. 

By Vincmii G. Deihier, The Blakiston Company, 

PMladelphia and Toronto. $5.00. rd -f- 289 pp.; 

iO. 1947. 

The main purpose of this book is to bring together from 
a scattered literature in several fields the information 
which will contribute to an understanding of the chemi¬ 
cal, physical, biological, and physiological factors which 
underlie the effectiveness of attractants and repellents. 
For its contributive significance in relation to this pur¬ 
pose much information has been furnished regarding the 
substances and devices that contribute to insect con¬ 
trol, and those to whom tiiese aspects are of primary 
concern are referred to the several detailed discussions 
of these matters. Similarly, although chemoreception is 
the fundamental basis underlying the stimuli and re¬ 
sponses involved in the action of attractants and re¬ 
pellents, the book is not intended as a comprehensive 
treatment of chemoreception per se. Rather, the book 
effectively furnishes a comprehensive insight into in¬ 
sects^ chemoreception as fundamental behavior on 
which practical procedures and further research may 
be based. As a result, the author’s main purpose is 
achieved with notable success, and the book is a highly 
enlightening, interpretive, and stimulating volume of 
far wider interest and significance than its title might 
indicate. 

It is clear that the author hopes that better under¬ 
standing of the basic aspects of attractants and re¬ 
pellents will contribute to the knowledge of insect 
behavior and ecology, and even to a better understand¬ 
ing of the evolution of certain of their habits and be¬ 
havior patterns. It is clear also that the author hopes 
that the book may lead to work that will contribute to 
our knowledge of the host-parasite relations and food- 
plant preferences of insects, and also to a fuller under¬ 
standing of the bases of physiological races among the 


insects. Within the 289 pages of this compact book are 
contained the interpretation and evaluation of a tre¬ 
mendous amount of significant but scattered literature, 
together with much original work by the author, whose 
outstanding contributions in the investigation of the 
essential bases of selection of food plants by insects 
preeminently qualifies him to write this treatise. 

In type and format the book is attractive. The illus¬ 
trations are excellent and effectively supplement the 
text. Since the chapters cover fields which are neces¬ 
sarily diverse, although essential to the fundamental 
plan of the work, the lists of pertinent literature are 
placed at the end of each chapter. While this arrange¬ 
ment inevitably involves some repetition, it is highly 
helpful to the reader. 

The general plan of organization follow^ed in the 
book is an effective one. After a Preface of 2-| pages in 
which the objectives and the fundamentals of the book 
are set forth, there is a brief Foreword by Professo 
Brues, emphasizing the extensive ramifications and the 
significant implications to be derived from the basic 
physiological theme of the relation of the senses of 
smell and taste to the behavior of insects. The first 
chapter, after a historical background and a definition 
of the terms attractant and repellent, points out that 
the stimuli involved are fundamentally chemical in 
nature. The major types of physical stimuli are then 
briefly discussed in their relation to these. In the second 
chapter, the nature of chemical attractants is con¬ 
sidered in detail. Here is clarified the fundamental fact 
that odors alone are involved in the chemical attrac¬ 
tants, while both odors and tastes may serve as re¬ 
pellents, through calling forth simple avoiding reactions. 
Although this chapter emphasizes the two great classes 
of attractants, those which direct the insect to suitable 
sites for laying eggs and those which direct it to its 
food, there are also excellent discussions of other 
attractants, such as the sex scents which result in 
spectacular assembling, and the recognition odors so 
important among social insects. After a comprehensive 
consideration of the attractants for oviposition, there 
follows a survey of the attractants which direct insects 
to their food, with a discussion of the classificational 
schemes by which insects may be grouped according to 
their feeding habits. Finally, the author notes the three 
well-defined groups into which the chemical food type 
of attractants falls, and briefly outlines these as the 
categories which are to be examined in detail in the 
three comprehensive chapters that follow. 

Chapter 3, on the essential oils, resins, and related 
substances which are the fundamental plant products 
attracting insects that feed on leaves, flowers, fruits, 
wood, and sap, is a highly effective treatment of 35 
pages, with a summarizing discussion and extensive 
bibliography. Here is brought together the pioneer 
work of the author himself and of other investigators 
of this fascinating field, work that effectively sub¬ 
stantiates the final conclusion that the so-called bo tan- 



NEW BIOLOGICAL BOOKS 


101 


ical sense of insects, which governs their relation to 
certain taxonomic groups of plants, basically depends 
on the presence of these substances. 

Chapter 4 discusses in detail the products of fer¬ 
mentation, such as alcohols, acids, aldehydes, esters, 
and carbinols, which direct the carpophagous, xylo- 
phagous, mycetophagous, and sap-feeding insects. In¬ 
formation of a fundamental chemical nature explains 
the basis of the attractants for such destructive insects 
as the fruit moths and fruit Ihes, the codling moths and 
borers. The discussion brings out the interesting points 
that insects attracted by products of fermentation are 
not rigidly specific in their feeding habits, and hence 
that many insects whose life activities have no rela¬ 
tion to natural fermenting materials may be lured by 
such attractants. It further clarifies the fact that 
products of fermentation serve primarily as feeding- 
type attractants, and serve secondarily, and for rela¬ 
tively few insects, as attractants for suitable sites for 
egg-laying. 

Chapter 5 (36 pages) furnishes a detailed discussion 
of the fundamental products of protein and fat de¬ 
composition, emphasizing the fatty acids, amines, 
ammonia, carbon dioxide, and other products which 
attract many tj'pes of insects to diverse decaying nat¬ 
ural substances. Chapter 6 furnishes a very valuable 
survey of the work which has been done by means of 
olfactometers to determine with precise quantitative 
accuracy the attractive or repellent properties of var¬ 
ious materials. The discussion of tlie advantages and 
disadvantages of various types of olfactometers gives 
helpful understanding of experimental procedures by 
which dependable information has been obtained, and 
furnishes the investigator with the understanding and 
implementation on which such work must be based. 
While this chapter is especially useful for the research 
worker, yet it is also of general value in furnishing the 
fundamental Imowledge and understanding on which 
an evaluation of such work must depend. Chapter 7, 
in its interpretive consideration of baits and traps, 
contrasts the empirical procedure of testing hundreds 
of miscellaneous chemical compounds with the more 
lo^cal procedure of applying the fundamental prin¬ 
ciples of an understanding of chemoreception in insects 
to obtain more effective practical results. The im¬ 
portance of the feeding-type of attractants is stressed, 
as is the importance of investigating those types of 
compounds wMch meet the preference of insects for 
certain molecular combinations and concentrations; 
and the relation of these more fundamental factors to 
specific problems in trapping is effectively exemplified. 

Thus the major part of the book is concerned with 
attractants. It remains for Chapter 8 to consider (in 
31 pages) the problems involved in repellents, chiefly 
of the chemical type. The application of these to in¬ 
sects which are blood-sucking, disease-carrying, crop- 
or product-destroying or otherwise noxious is effectively 
set forth with a wealth of fundamental material on 


which the application of repellents must be based. 
Chapter 9, on the chemical basis of taste and olfaction, 
is a fundamental and significant one in its analysis of 
what has been contributed to an understanding of the 
chemical basis of taste and odor, while the final chap¬ 
ter summarizes and evaluates the work that has been 
done toward interpreting the evolution of feeding 
preferences among certain groups of insects. 

The exacting standards of the author are reflected 
in the absence of even minor errors. The only product 
of tyq)ographical fermentation acting as an attractant 
to your reviewer is the startling word ^'arattctant,*^ 
which, even though it comes at the very beginning of 
an excellent paragraph on the definitions of terms, 
proves more disconcerting than misleading. 

An extensive author index is not only useful in itself 
but also gives a convenient means of locating the many 
valuable references assembled at the ends of the var¬ 
ious chapters. Included here are authors mentioned 
only in the references, the listing of Osterhout, for ex¬ 
ample, referring to the paper by him in the literature 
references of Chapter 9, the work itself not being speci¬ 
fically mentioned in the text. The detailed subject 
index, comprising 19 pages, contributes to the utility 
of the book. 

The two aspects of the work which impress this re¬ 
viewer particularly are first, the diverse and numerous 
aspects of biology, in its broadest sense, on which the 
contents of this book have significant bearing; and 
second, the wealth of fascinating problems which posi¬ 
tively plead for investigation as a result of the pro¬ 
vocative questions brought up in every chapter of this 
stimulating book. 

W. H. Weston 



Theory of Hearing. 

By Ernest Glen Wever. John Wiley & Sons^ Nm 
York; Chapman & Hall, London. $6.00. xiv -f 484 
pp.; ill. 1949. 

The author has divided this book into three sections. 
The first section presents an historical treatment of the 
classical theories of hearing, from the days of the Greek 
philosophers up through the early part of the twentieth 
century. The second section deals with the modern 
developments of these theories, and includes some of 
the anatomical and neurophysiological data pertinent 
to these developments. The third, and largest section, 
presents the author’s own theory, and relates his theory 
to the neurology and psychophysical data of hearing. 

The history of auditory theory is an excellent presen¬ 
tation, and should be required reading for all students 
in the field of hearing. The development of the se¬ 
quences of ideas, and the relatedness of various theories 
is very well handled. Likewise, when the author is 
dealing with factual data in the area of anatomical 
and neurophysiologxeal data, he is at his best. When, 
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liowever, the author presents his own theory of hearing, 
and relates it to present information, the reviewer 
finds plenty of cause for complaint. 

Theories of hearing have usually been much more 
concerned with the problem of pitch perception than 
with the problem of loudness perception, partly be¬ 
cause it has seemed much easier to explain loudness 
perception. These theories have in general taken two 
directions. The place theories explain pitch percep¬ 
tion as being due to a different locus of stimulation in 
the cochlea with different frequencies. Frequency 
theories, on the other hand, have explained pitch per¬ 
ception as being due to the representation of the fre¬ 
quency of the stimulus in the frequency of neural im¬ 
pulse. In Wever^s own theory, which he calls the 
Volley Theory, he combines these two seemingly op¬ 
posed theories into one. According to him, the pitch 
of low tones is mediated only by frequency representa¬ 
tion in the neural discharge. Since any single neuron 
cannot respond at a rapid enough rate by itself, the 
author resorts to a volley principle, in which it is as¬ 
sumed that various neurons respond at synchronized 
but staggered rates in such a way as accurately to re¬ 
present the frequency of stimulation. The pitch of 
high-frequency tones is determined by a place repre¬ 
sentation in the cochlea. Intermediate-frequency tones 
(400 to 5000 cps) have both place and frequency 
representation. 

From the presentation of anatomical and physiologi¬ 
cal evidence, the reviewer had the impression that the 
facts favor a straight place theory more than the Volley 
Theory. There is plenty of evidence that low tones 
have differential place representation in the cochlea, 
and in higher neural centers as well. Since place re¬ 
presentation does occur, it is difficult to see why re¬ 
sort to a frequency principle is necessary. On the 
other hand, the facts also show that there is frequency 
representation up to about 4000 cps in the auditory 
nerve, but there has never been evidence that the 
frequency representation holds in higher neural centers. 
There is no question of the fact that there is some form 
of frequency representation in the neural discharge, 
but the question remains; Does this frequency repre¬ 
sentation have anything to do with pitch perception 
per se? In the reviewer’s opinion, the author has not 
proved his point satisfactorily. 

In many cases, there are facts which are difficult for 
both place and frequency theories. However, the 
author tends to treat these facts as being in favor of his 
theory because they are not satisfactorily handled by 
a place th«5iy. In this connection it should be pointed 
out that the author usually requires the facts to be 
OEpIained by a simple, bigh-resonance kind of place 
theory, which nobody believes today an 3 rway. The 
... evidatce ^is': clW' that' there is no discrete resonance, 
in the sense that only one fib^ of the barilar membrane 
is activated for a particular pitch. Modem place 
theories, however, do not assume such discrete reso^ 


nance, and the facts are much more easily explained with¬ 
out this assumption. 

As an example, Neff’s work on partial sectioning of 
the eighth nerve showed that high tone deafness usually 
results, and that low tones are rarely disturbed until 
complete deafness. It is true that this is difficult to 
explain with a place theory, but it should cause the 
VoUey Theory equal difficulty. Since, according to 
the Volley Theory, low tones involve neurons from 
almost the entire cochlea, then any loss of neurons 
should affect sensitivity for low tones. On the other 
hand, since high tones involve only small specific 
groups of neurons, sensitivity to them should be af¬ 
fected only when those specific fibers are cut. Yet 
the author uses these data as evidence for his theory. 

In another instance, the author cites tlie fact that 
differential pitch sensitivity requires a relatively con¬ 
stant number of cycles per second at low frequencies, 
but a relatively constant ratio of cycles per second at 
high frequencies. The integrated difference limen func¬ 
tion agrees quite well with the pitch function, and fairly 
well with data on loss of sensitivity with lesions on 
different parts of the cochlea. And yet the author 
uses the fact that a relatively constant number of cycles 
is required for differential sensitivity at low frequencies 
as support for his theory, because is reasonable to 
find a differentiation that is constant or nearly so in 
terms of cyclic change.” Why this assumption is rea¬ 
sonable is not explained, and it is difficult to accept when 
we recall that differential sensitivity in nearly all areas 
of sensation is a relative matter. Also, the author ex¬ 
plains loudness as being represented by tlie total rate 
of neural discharge, and yet he does not expect the 
difference limen to be represented as a constant num¬ 
ber of additional units of discharge. This kind of rea¬ 
soning seems too opportunistic. 

In another instance, the author finds it convenient 
to explain away a fact that cannot fit his assumption 
of frequency representation. The intensity-pitch re¬ 
lation shows that the pitch of low tones becomes lower 
with an increase in intensity, and that of high tones 
becomes higher. This relation, particularly for low 
frequencies, is very difficult for a theory which requires 
exact frequency representation. And we find, accord¬ 
ing to the author, that the change is not really one of 
pitch, but rather a kind of general confusion. As one 
who has experimented on the pitch-intensity relations, 
the reviewer would like to insist that the difference is 
one of pitch, and not confusion. 

In a chapter on tonal interactions, the author finds 
that place theories have a great deal of trouble ex¬ 
plaining beats and difference tones. This difficulty 
is due only to the straw man of discrete and narrow 
resonances which the author sets up. Modern place 
theories have no difficulty with these problems, when 
distortion in the middle ear is assumed (and such dis¬ 
tortion is demonstrated in the cochlear microphonics 
shown by the author), and when overlapping areas 
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of stimulation on the basilar membrane are allowed. 
Likewise, in a later chapter on temporal phenomena, 
in discussing amplitude modulation effects, the author 
states that as the rate of modulation increases, the ear 
“gives ... a whole series of transition phenomena that 
our mathematics provides no reckoning of.’^ Such a 
statement is true only if injSnitely narrow resonance 
units are assumed, and again we state that such an 
assumption for place theories is not necessary, nor is it 
done. A series of adjacent electric filters can be set 
up which will give ail the transition phenomena which 
are found in the human ear, and it is quite unnecessary 
to assume a frequency representation. 

In this same chapter, the perception of interrupted 
tones is discussed, and the author points out tliat a tone 
corresponding to the rate of interruption can be heard. 
Such a tone should be heard according to a frequency 
principle, but when such tones are heard they are very 
faint. Such faint tones can be easily explained as the 
products of the non-linear distortion in the middle ear. 
Also, the sideband components generated with inter¬ 
rupted or amplitude-modulated tones can be distinctly 
identified with the use of a probe tone to generate beats. 
These phenomena occur at low frequencies as well as 
high frequencies, and are far better explained on the 
assumption of a place analysis than on the assumption 
of frequency representation. 

In conclusion, it is the reviewer’s opinion that this 
would have been an excellent book if the author had 
had a better theory of hearing to work with. Too 
many of the facts of hearing have trouble being ex¬ 
plained by a frequency principle, and the constant at¬ 
tempt of the author to use such an explanation in the 
book detracts from its value as a sourcebook of mfor- 
mation on the theories of hearing, or for information on 
the neurophysiology of hearing. If the theoretical 
arguments were taken out of the book, the remainder 
would still be an excellent and scholarly review of facts 
well worth the reading by anyone interested in the 
general field of hearmg. 

W. R. Garner 



Boctbcenta Ophxhaxmologica: Advances in Oph¬ 
thalmology, Volume Ill, 

Edited by P. F, Fischer^ A. J, Schaefer, and Arnold 

Sorsby, Dr, Junk, *S-Gravenhage. FI. 36.00. 

328 pp. + 3 plates; text ill 1949. 

This volume contains most of the papers which were 
read at the conference on colour vision held in Cam¬ 
bridge, England, between July 28th and August 2nd, 
1947. The contributors, and the titles of their papers, 
are: The Present Status of the Trichromatic Theory 
(W. D, Wright); Retinal Structure and Colour Vision 
(S. Polyak); The Laminar Pattern of the Lateral Genic¬ 
ulate Nucleus Considered in Relation to Colour 
Vision (W. E. Le Gros Clark); The Analysis of Retinal 


Elements by the Micro-Electrode Technique (R. 
Granit); The Photochemistry of Vision (G. Wald); 
Increment Thresholds and the Mechanisms of Colour 
Vision (W. S. Stiles); The Polycliromatic Theory 
(H. Hartridge); Colour Vision in the Central Fovea 
(E. N. WUlrner); Colour Discrimination and the In¬ 
fluence of Colour Contrast on Acuity (D. L. MacAdam); 
Colour Recognition of Very Small Light Sources (J. G. 
Holmes); Current Views on Colour Blindness (D. B. 
Judd); Brightness, Visual Acuity and Colour Blind¬ 
ness (S. Hecht); Some Aspects of Anomalous Vision 
(F. H. G. Pitt); Phenomena Observed in Veiled Colours 
(S, Kraus); Chromatic Aberration of the Eye (A. 
Ivanoff); The Two-Quanta Explanation of the Depend¬ 
ence of the Threshold Values on the Visual Angle 
and the Time of Observation (M. A. Bouman and H. A. 
van der Velden). This list of contributors is an almost 
complete roster of the world’s foremost color vision 
scientists. 

Although a volume such as this could hardly be ex¬ 
pected to be as closely integrated as a textbook, the 
papers are all concerned with such a specific topic 
that collectively they present an excellent summary of 
the status of our knowledge about color vision. Some 
of the contributors have chosen to present recent ex¬ 
perimental data, others have summarized the litera¬ 
ture on specific topics, and the remainder are mainly 
theoretical in nature. The volume is highly technical 
and is concerned with a highly specific subject but it 
will be an important addition to the library of the visual 
scientist. 

A. Chapanis 



ANIMAL NUTRITION 

Enseignements de la Gtjerre 1939-1945 bans le 
Domaine de la Nutrition. MMecine et BMogie, 
Number 6. 

Edited by E. J. Bigwood. Masson & Cie,, Paris; 

Editions Desoer, LUge, 760 fr. (paper). 470 pp. -p 

3 charts; text ill. 1947. 

This volume contains the papers presented in a sym¬ 
posium on nutrition during the war period, under the 
presidency of Professor Bigwood. The symposium 
was international in character, and was participated in 
by men from Denmark, the United States, France, Hol¬ 
land, Portugal, Switzerland, and Sweden. The sub¬ 
jects presented were: edema due to protein deficiency; 
hemeralopia due to vitamin A deficiency; the effects 
of wartime diets on diabetes; gastrointestinal ulcers; 
dental caries; dermatoses; tuberculosis; and some more 
general observations on the health of the human popu¬ 
lation during the war period. Three papers were de¬ 
voted to animal nutrition dtpdng the war. These were 
primarily devoted to the problem of protein r^cmrces 
, in,' animal, 'production' in'' Great. Britain, Dmmark,/ and, 
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the Netherlands, respectively. The authors of papers 
were men of distinction, and the volume forms an im¬ 
portant contribution to the history of the food prob¬ 
lems of humans and animals, as determined by dearth 
caused by war in parts of Western Europe. 

E. V. McCollum 



Nutrition or the Dog. Second Edition. 

By Clive M. McCay. Comstock FubUshing Com- 
Ithaca. $3.50. xiv -f- 337 pp. 1949. 

The author is a distinguished nutrition investigator 
and has had much personal experience with his subject. 
It is not too much to say that the breeder, owner, or 
veterinarian will find in this volume the answers to 
most of his questions about the nutritive require¬ 
ments of the dog and how to provide them. There are 
chapters on Men and Their Dogs, Carbohydrates, 
Proteins and Fat in the Diet of the Dog, Amino Acids 
and Protein Derivatives, Mineral Requirements, Fat- 
Soluble Vitamins, Water-Soluble Vitamins, Modern 
Dog Feeds, The Ingredients of Dog Feeds, Plant Foods, 
Testing Dog Feeds, Blood and Bone, Practical Feeding 
and Management of Dogs, Kennels and Equipment, 
Parasites and Their Control, Questions about Feeds, 
A Shelf of Books for the Dog Owner, with an Index of 
Persons and an Index of Subjects. 

The book is well documented with references to 
scientific papers, placed at tlie end of each chapter. 
The total number of references is 374, Every state¬ 
ment is based on experimental data. The reviewer 
believes this to be the best book in its field. 

E. V. McCollum 



Feeding Our Dogs. 

By Leon F. WkUney. D. Van Nostrand Companyf 
New York^ Toronto and London, $3.50. vi -j- 243 
pp. 1949. 

This is a book of a very different kind from the one just 
described. Part I includes an Introduction, Feeding 
DonTs, The Evolution of the Dog, and Its Natural 
Food, the Mechanics of Digestion, and The Chemistry 
of Digestion. Part II discusses Protoplasm and Pro¬ 
tein, Carbohydrates, Fats, Bulk, Water, Minerals, 
and Vitamins in the Dog’s Diet; Calories—the Meas¬ 
urement of Heat in Food; and the question Do Foods 
Cause Skin Troubles? Part III discusses Foods from 
Vegetables, Fresh Food from Animals, Packing House 
By-products, Commercial Dog Foods, and Part IV 
covers the topics How Much Food Does a Dog Re¬ 
quire?; Feeding Methods and Costs; Home Mixing Our 
Dog Foods; Foods for Special Conditions; and Feeding 
Problems. There is an Appendix on properties of food¬ 
stuffs, and this is followed by the Index. 

On pp. 12-13 thare is a list of dog diets, designated 


A to Y, of which it is stated that “Each diet has proved; 
successful in maintaining dogs in excellent condition 
insofar as food is able to do so.” In this list, under C, 
there is a list of six diet formulas said to have been 
worked out at universities by years of careful testing. 
No. 1 in this list consists of a mixture of cane sugar,, 
lard, bone ash, casein, butter, and salt mixture. I be¬ 
lieve that no dog could long survive on such a diet. 
The same may be said of some others in the list. Much 
of Part I is written in a facetious spirit, and is absurd. 
The book is not documented, and reads like a compila¬ 
tion prepared by one with little knowledge of physi¬ 
ology or biochemistry from semi-popular articles as 
sources. 

E. V. McCollum 



BIOPHYSICS 

The Structure of Matter. 

By Francis Owen Rice and Edward Teller. John 
Wiley & Sons, New York; Chapman & Hall, London. 
$5.00. xiv -f 361 pp.; ill. 1949. 

In almost every way this is a very unusual book. The 
authors undertake to explain quantum mechanics with¬ 
out the use of mathematics, and then to apply these 
explanations to the theory of the chemical bond, solid 
state forces, spectroscopy, and nuclear chemistry. Far 
from being too complex to understand for readers 
without training in advanced physics, it may actually 
suffer from the disadvantage of being too easy to under¬ 
stand and thus may make the reader feel that he un¬ 
derstands points which in reality he does not. This 
disadvantage, if it is real, is certainly slight beside the 
very real advantage of making it possible for workers 
in the biological fields to have at least some under¬ 
standing of the structure of molecules and the nature 
of chemical bonds. Of course, a knowledge of the 
subject obtained in this way will be superficial, inas¬ 
much as it is seldom possible for the authors to prove 
the statements made and still to adhere to the plan of 
keeping mathematics out of the book. Such super¬ 
ficiality can be defended if one ba,lances against it the 
very considerable amount of formal training which 
would be required of a reader, if the same material 
were presented rigorously. 

L. J. Mullins 



Spectroscopic Properties of Uranium Compounds. 
Naiional Nuclear Energy Series, Manhattan Project 
Technical Section. Division III, Volume Z. 

By G. E. Dieke and .4. B. F. Duncan. McGraw^ 
Hill Book Company, New York, Toronto and London, 
$2.75. xviii + 290 pp. 1949. 

This book presents a mass of data on the absorption 
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and fluorescence spectra of a wide variety of uranyl 
compounds and of a few other uranium compounds. 
These studies were made on the crystalline solids at 
different temperatures down to 20® K. The dispersion 
and resolving power of the instruments used were in 
general sufficient to resolve the full spectral structure. 
Included in the presentation is a chapter on the crystal¬ 
lographic structure of rubidium uranyl nitrate, as well 
as chapters on a variety of techniques and observations 
incidental to this work. Some of these include observa¬ 
tions on the synthesis of particular compounds, effects 
of isotopic substitution of uranium 235, and the oxygen 
and nitrogen isotopes and techniques used for growing 
the large single crystals required in this work. The 
data for this book were obtained by a group of workers 
on the Manhattan Project assigned to studies of possi¬ 
ble photo-chemical separations of the uranium isotopes. 
This is an excellent reference work and will be particu¬ 
larly useful to those concerned with solid state investi¬ 
gations. 

C. F. Hiskey 



ISTuclear Radiation Physics, 

By K E. Lapp and H. L. Andrews. Prentice-EaU^ 
New York. $6.00. xvi + 487 pp.; ill. 1948. 

This book is written primarily for persons with little 
bacliground in physics, and as such should prove to be 
-of use as a textbook in nuclear physics courses designed 
for the non-physicist. By including numerous practical 
problems, illustrative examples, and an extensive bibli¬ 
ography, the authors have made tlie book well suited 
for use as a textbook. Particularly noteworthy are the 
definitions of the various fundamental units of radio¬ 
activity. As a rule, these definitions are supplemented 
with illustrative examples of a practical nature which 
should help to make their meaning clear to the student 
interested in the practical aspects of nuclear physics. 

The material in the first five chapters is essentially 
background material, including a consideration of waves 
and particles, atomic structure, and x-rays. Of neces¬ 
sity the treatment of these subjects is brief, but the 
important basic concepts are covered. Chapters six 
through eight treat natural radioactivity, isotopes, 
nuclear structure, and nuclear radiations. Aside from 
a clear presentation of the factual material, these chap¬ 
ters include concise definitions of those quantities pri¬ 
marily useful to the nuclear physicist, (packing frac¬ 
tion, mass defect, binding energy, etc.). Chapters 
nine, ten, and eleven are devoted to ionization chamber 
instruments, Geiger-Muller counters, and radiation 
measurements, respectively. Included with the pres¬ 
entation of the operating principles of the various 
radiation detectors is a discussion of the limits of useful¬ 
ness of each instrument. In the next five chapters 
various aspects of nuclear reactions are discussed; such 
topics as artifidal radioactivity, particle accelerators, 


the neutron, nuclear fission, and nuclear chain reactions 
are covered. Chapter seventeen, on radioactive tracer 
technique, seems to be a little sketchy, considering the 
importance of the material covered to the biologist, 
biochemist, and physician. A more detailed discus¬ 
sion of the methods of assay commonly used would 
be appreciated. The final chapter on Health Physics 
should be of general interest to those who are working 
with radioactive materials. Other items of interest 
contained in the book are tables of useful data on radio 
isotopes, a list of rules and procedures concerning radio¬ 
activity hazards, and a list of manufacturers of radia¬ 
tion instruments. 

F. D. Carlson 



Handbook of Radioactivity and Tracer Metho¬ 
dology. AF Technical Report 5669. Parts One, Two 
and Three. 

By William Siri; with contributions by Ellsworth C. 
Dougherty, Rayburn W. Dunn, James S. Robertson, 
Cornelius A. Tobias, Patricia R. Weymouth and 
Maurice C. Fishier. Department of the Air Force, 
Air Materiel Command, Wright-Patterson Air Force 
Base, Dayton, Ohio. $20.00 for three parts (paper). 
(1) ii -h pp. 1-432; ill.; (2) Pp. 433-582; ill.; (3) Pp. 
583-867. 1948. 

Isotopic Tracers and Nuclear Radiations With 
Applications to Biology and Medicine. 

By William E. Siri; with contributions by Ellsworth C. 
Dotigherty, Cornelius A. Tobias, James S. Robertson, 
Rayburn W. Dunn and Patricia P. Weymouth. 
McGraw-Hill Book Company, New York, Toronto, 
and London. $12.50. xiv -f 653 pp.; ill. 1949. 
This book, which appeared first in the limited edition 
imder the aegis of the Army Air Forces early in 1948, 
and standing first above, has now been revised, en¬ 
larged, put into general circulation as the second title 
listed. It makes available a large mass of data on 
nuclear radiations collated mainly with the interests of 
biophysicists in mind. The rather formidable result 
of tMs collation, interspersed with what is in general 
a very adequate description of nuclear processes, is an 
extended tome which, to quote the jacket announce¬ 
ment, is intended to bridge ^‘the gap between those 
books intended solely for the nuclear physicist and 
those which merely describe the results of research in 
which radioactive isotopes and nuclear radiations were 
used.” 

The book is divided into three sections. The first 
two deal with isotopes, nuclear processes, methods, 
and instrumentation, and comprise the bulk of the 
work. The third section, covering only some 38 pages 
out of a total of SCX) in the text, is given over to a dis¬ 
cussion of tracer methodology. This rather one-sided 
organization is the result of the decision to concentrate 
on the physical rather than biological or chemical as- 
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pects. However, if one were to take the quotation 
given above at face value, one would wonder why, if 
those volumes already available “merely describe’' re¬ 
sults of research with tracers and nuclear radiations, 
the authors have been content to refer to these same 
volumes for more extended treatment of tracer metho¬ 
dology. 

The biochemist or physiologist who is interested in 
the every-day problems of tracer methodology at the 
working level will not receive much help from this book. 
However, while most biochemists will not be particu¬ 
larly interested in the great bulk of the data presented, 
there are many chapters which clinical physiologists 
and medical biophysicists wdli find very useful. It 
seems to the writer, therefore, that the volume would 
gain immeasurably by deletion of the third section 
with its associated bibliography and tables. Much of 
the material on methods and instrumentation has be¬ 
come easily accessible in relatively moderately priced 
books since this volume was projected. Hence, by 
deleting or abridging those chapters containing this 
material, such as chapters 1, 10-15 inclusive, and 19, 
to cite just a few, this book could be tightened up and 
brought into a size and price range within reach of all 
interested. The writer feels that many valuable data 
have been presented here (and nowhere else) which 
should be generally available, and that these data 
^ould not be included in a matrix of already familiar 
material which must be purchased along with them. 

The book is printed on a glossy stock paper, and 
le^bility is good. The activity of printer’s gremlins 
appears to be low, but a few errors have crept into the 
text, such as the one in which “atomic number’' is 
stated in the text when ‘ ‘atomic mass” is meant (p. 170). 

Martin D. Kamen 



Biological Reactions Caused by Electric Cur¬ 
rents AND BY X-RAYS. A Theoretical Study of the Pke- 
mmema of Excitation in the Nerve by Different Electric 
Cmrmts and of the Biological Reactions Caused by 
X-^ays^ Both Based Upon a Common Principle, 

By J . Tk. Van Der Werff, Elsevier Publishing Com¬ 
pany, New Yorkf Amsterdam, London, and Brussds. 
15.00. xii H- 203 pp.; ill 1948. 

On theoretical grounds there would seem little reason 
to believe that there is any similarity between the 
physical processes involved in nervous excitation and 
those involved in the responses of living systems to 
x-irradiation- One would rather say that excitation 
and conduction in nerve refiect the high degree of or¬ 
ganization of the cell surface, while radiation effects 
result from the very random series of chemical species 
produced in the bulk of the cell. The author of this 
book has, however, undertaken to develop a mathe¬ 
matical analysis of both these processes on the basis 
that both effects result from an alteration of the “dy¬ 


namical equilibrium between assimilation and dissimila¬ 
tion” (i.e., anabolic and catabolic processes). Such a 
postulated effect is brought about by changes in ion 
concentrations in both cases. Without considering in 
detail the data which die author has presented in cor¬ 
relating his theory with the known facts of neuro¬ 
physiology, one can say that such a theory suffers from 
many of the dijEficulties of other mathematical theories, 
in that it tells the reader essentially nothing about the 
physical processes involved. Such analyses are in¬ 
herently no better than purely empirical formulae. 

The treatment of the effects of x-rays on living sys¬ 
tems is, in some respects, more satisfactory, while in 
others most unsatisfactory. The introduction of Pois¬ 
son functions to describe the events occurring seems 
more justifiable than in the case of excitation. The 
data used to verify results which are calculated are not 
those which have been independently obtained (such as 
mutation rate changes) by several investigators. The 
explanation of radiation effects appears too simple in 
view of the known complexity of the purely chemical 
effects of ionizing radiations. The book is difficult to 
read because, presumably, of the author’s or trans¬ 
lator’s unfamiliarity with English. It has, further, a 
strong flavor of vitalism which may disquiet the reader. 

L. J. Mullins 



BIOCHEMISTRY 

Outlines of Physical Chemistry. 

By Farrington Daniels. John Wiley & Sons, Nm 
York; Chapman & Mall, London. $5.00. viii 4* 713 
pp.;ilL 1948. 

Tlus is a new edition of the former Getman & Daniels 
textbook. While the revision is not very extensive, 
there is little reason for revision at all, as this has for 
many years been an admirable book. It can be highly 
recommended to students of biology who need a more 
basic knowledge of physical chemistry than that which 
can be obtained from the many books claiming to 
present “physical chemistry for students of biology 
and medicine.” 

L. J. Mullins 



Introduction to Radiochemistry. 

By Gerhart FruMmder and Joseph IP. Kennedy. 
John Wiley Sc Sons, Nm fork; Chapmm & Hall, 
London. $5.00. xiv -fr 412 pp.; ill. 1949. 

Written as a textbook for chemists, this book has a 
great deal of material which is essential for biologists 
working with radioactive isotopes. As the authors 
have noted in their Preface, the title Radiochemistry 
needs some explanation. It is not the effects of radia¬ 
tion on chemical substances, but rather the chemistry 



NEW BIOLOGICAL BOOKS 


107 


and physics of radioactive substances. Those readers 
familiar with A Manual of Radioactivity, by Hevesy 
and Paneth, will find the subject matter of the two 
books comparable. The advances of this subject since 
the last edition (1938) of the latter book, have made an 
up-to-date treatment of the subject imperative. 

A historical introduction to radioactivity is followed 
by a theoretical discussion of atomic nuclei and their 
reactions. Later chapters deal with sources of bom¬ 
barding particles, radioactive decay processes and the 
statistical considerations involved, techniques for the 
measurement of radiation, and three chapters on the 
chemistry of radioactive species. The treatment 
throughout does not assume previous knowledge of 
nuclear physics and is satisfying both from a theoretical 
and a practical standpoint. 

L. J. Mullins 



PsiNaPLES OP Organic Chemistry. 

By John Leo Aherneihy, W, B. Saunders Companyf 
Philadelphia and London. $4.(X). viii -f 317 pp.; 
ill. 1949. 

This is a concise and lucid introduction to organic 
chemistry. The author has eliminated much of the 
material that *‘tends to make organic textbooks encyclo¬ 
pedic sources of information, discouraging to the begin¬ 
ning student.” Of attractive format, the book could 
fit into an overcoat pocket. In addition to a well or¬ 
ganized systematic survey of t37pical organic com¬ 
pounds, there are brief sketches of theories of electronic 
structure, bond strain, resonance, orientation influences 
of substituent groups, and organic oxidations and re¬ 
ductions. Brevity is a great virtue, but here it has been 
carried a little too far for optimal usefulness in intro¬ 
duction to theory. There are only occasional hints 
of such amenities as the historical development of the 
subject or variation in degree of certainty, and no 
specific citations of source materials or supplementary 
reading. There are a few errors. Fats are discussed 
in 9 pages, proteins in 11, and carbohydrates in 20, 
including optical activity and the proof of the glucose 
structure. There are student exercises at the end of 
each chapter, and a g<>od index. The book, in general, 
reads easily and should be of real value for introductory 
orientation among the carbon skeletons. 

Evelyn Howard 



The Chemistry oe High Polymers. 

By C. E. E. Bawn. Interscience Publishers, New 
York $4.50. x4'249pp.;m. 1948. 

This book fulfills a real need in the field of physical 
polymer chemistry. It will be extremely useful to 
polymer chemists interested in the kinetics of polymer¬ 
ization. This does not mean to imply that other topics 


in physical polymer chemistr}-, such as The Structure, 
Stereochemistry and CrystaUinity of High Polymers; 
The Structure and Physical Properties of High Poly¬ 
mers; and The Size and Shape of Macromolecules are 
neglected, for these topics are also treated in a clear 
and reasonable fashion. 

There has been a tendency for books written in the 
polymer field to be extremely specific and only to cover 
limited topics in great detail. This book, without over¬ 
simplification, has treated a wide variety of general 
topics. Thus, it is extremely valuable to the polymer 
chemist or graduate student in pol 5 nner chemistry who 
desires a fundamental knowledge in the field. Unfor¬ 
tunately, the book has omitted a segment of polymer 
chemistry concerned with the application of organic 
reaction mechanisms to pol 3 maer problems. Likewise, 
the application of synthetic organic chemistry to 
polymer problems has been omitted. Irrespective of 
these omissions, the book is excellent and a valuable 
contribution to the polymer literature. 

C. G. OVERBERGER 



Fortschritte der Biochemie, 1938-'1947. 

By Felix Haurowitz. S. Karger, Basel and New 

York sFr. 40.00. viii 364 pp. 1948. 

The problem of compressing the results of nine years 
of biochemical research into a volume about one half 
the size of the Annual Review of Biochemistry is cer¬ 
tainly formidable, and it is quite difficult to decide 
how well this has been done. It is relativety easy to 
point out deficiencies with respect to completeness of 
coverage for those fields with which one is especially 
familiar. However, the wide range of the fields cov¬ 
ered, and the integration of the various chapters in the 
book rather makes one wonder whether we shouldnT 
have such a book in English. The book should be 
very useful in seminar courses, and as a general refer¬ 
ence for non-specialists, 

L. J. Mullins 



Outline or the Amino Acids and Proteins, Second 
Edition. 

Edited by Melmlle Sahyun. RdnhoU Publishing Cor¬ 
poration, New York $5.00. 286 pp.; ill. 1948. 

This introduction to the protagonists in the biological 
drama, the proteins (and amino adds), was designed 
as an elementary survey of a field in which several 
comprehensive works have appeared in recent years. 
Sq)arate chapters on certain aspects of the chemistry 
and metabolism of the proteins and amino adds “Imre 
been contributed by C. L. A, Sctoidt, H. B. Bui, 
H. E., Carter,,and' L R.'/Hooper,''J). ic,*,Greeaberg,'' 
M. Heiddberger, A." J, 'Quick,, 'W. M.,Cahill and; A., H, 

' Smith, M. Wpmatk and' C, ,F. ,RjLde,^.aiid.Mr,''^hyun.'' 
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Since tlie appearance of the first edition in 1944 (see 
Q.R.B. 20 : 297. 1945) the editor has added a timely 
chapter on the utilization and assay of amino acids by 
loicroorgamsms. Each chapter has a fairly extensive 
bibliography. 

Evelyn Howaed 



Fatty Acids and Their Derivatives. 

By A. W. Rahim. John Wiley & Sons, New York; 
Chapman Sz Hall, London. $10.00. x -j- 986 pp.; 
m. 1948. 

The author is an outstanding contributor to the chem¬ 
istry and technology of the substances about which he 
writes. About 100 patents have been granted to him 
for Ills discoveries in this field. He is Assistant Direc¬ 
tor of Research for Armour and Co,, of Chicago. His 
qualifications for authorship in the field of his specialty 
are thus unsurpassed. The first part of the book is 
devoted to the fatty acids, their occurrence in nature, 
their sjmthesis, and their chemical and physical proper¬ 
ties. The second part deals with the synthesis and 
properties of derivatives of fatty acids, and includes 
esters, amines, nitriles, alcohols, ethers, mercaptans, 
sulfides, sulfonates, anhydrides, acid chlorides, alde¬ 
hydes, ketones, hydrocarbons, soaps, etc. As a refer¬ 
ence book this is the best of its kind. There is a 42- 
page index of topics, but no author index. More than 
SOOO references to technical literature are included in 
the bibliographies which follow each of the 12 chapters. 

E. V. McCollum 



Natural Products Related to Phenanthrene. 
Third Edition of the Monograph Previously Entitled 
Chemistry of Natural Products Related to Phenanthrene. 
By Louis F. Fieser and Mary Fieser. Remhold Pub¬ 
lishing Corporation, New York. $10.00. xii + 704 
pp. 1949. 

This excellent and comprehensive survey of a major 
field of organic chemistry first appeared in 1936 as 
Chemistry of Natural Products Related to Phenanthrene, 
by L. F. Fieser (see Q. R. B. 11: 362. 1936). The 
authors have aimed to present ^treasonably complete 
topical discussions of a selection of the main points of 
interest in the chemistry of the phenanthrene deriva¬ 
tives, and to survey more briefly the biochemistry and 
pharmacology of the compounds. Since the publica¬ 
tion of the first and second editions of this book in 1936 
and 1937, vast strides have been made in the develop¬ 
ment of the chemistry of naturally occurring phenan¬ 
threne derivatives, particularly the steroids. By 1937 
most of the important physiologically active steroid 
hormones and vitamins had been isolated and their 
structures established, but very little was known of 


their stereochemical configurations. Extensive studies 
of the stereochemistry of the steroids have culminated 
only in recent years and months in the complete solu¬ 
tion of all the major problems concerned. This, there¬ 
fore, is a particularly appropriate time to present a 
revision in which we hope we have accurately inter¬ 
preted a highly confused and voluminous literature 
in the light of present day stereochemical evidence that 
seems secure. .. . the present edition represents a com¬ 
plete overhauling of the original book.” Some of the 
earlier chapters and sections have been omitted: e.g., 
the chemistry of phenanthrene, the carcinogenic hydro¬ 
carbons, and the triterpenoid sapogenins. Even so, 
the book is twice as long as before. Chapter headings 
are: Quinones; Morphine and Related Alkaloids; 
Resin Acids; Sterols and Bile Acids; Sex Hormones; 
Adrenal Cortical Hormones; Steroid Metabolism; 
Cardiac Active Principles; Steroid Saponins; Steroid 
and Terpenoid Alkaloids; and a final chapter, by 
Richard B. Turner, on The Stereochemistry of the 
Steroids. 

Evelyn Howard 



An Introduction to the Chemistry oe Carbo¬ 
hydrates. 

By John Honeyman. The Clarendon Press, Oxford; 

Geojfr&y Cimherlege, Oxford University Press, London. 

14.00. viii 4- 143 pp. 1948. 

As the horizons of research expand ever wider, it be¬ 
comes increasingly difficult for the individual investi¬ 
gator to remain conversant with all of the advances 
within his own discipline. These difficulties are multi¬ 
plied immeasurably as he ventures farther away from 
his immediate interest. Yet with each advance within 
his own field he rubs elbows with neighboring branches 
of science and must frequently incorporate some aspects 
of these into his work. Thus the biologist must fam¬ 
iliarize himself more than ever before with the fields of 
chemistry and physics. 

One solution to his dilemma lies in the publication 
of textbooks which are concise and basic, yet suf¬ 
ficiently advanced and detailed that they may serve 
both in an introductory and an advanced capacity. 
The fulfillment of such a requirement is not so para¬ 
doxical as it might appear at first examination. Honey- 
man^s small (143 pages) volume is a prime example. 

As the author has stated in his Preface, his aim 
“... has been to provide, in compact form, an up-to- 
date account of the chemistry of a selected number of 
carbohydrates. No previous knowledge of the field is 
assumed, but the reader requires to be familiar with the 
elements of aliphatic and aromatic chemistry. The 
monosaccharides are considered in detail in order to 
provide an adequate basis for studying further the more 
complex carbohydrates. In addition to the crystalline 
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di-, tri-, and tetrasaccliarides, a few of the simpler poly¬ 
saccharides of colloidal dimensions are discussed.^’ 
The configurations and constitution of the sugars are 
especially clearly presented. The intricacies of ring 
structure, d and I forms, and a and jS isomers are un¬ 
raveled expertly. 

Biologists whose work carries them into the field of 
carbohydrate chemistry can hardly do better than to 
consult this volume. It will serve equally well as a 
refresher or an introductory textbook. 

V. G. Dethier 



Newer Synthetic Analgesics. Annals of The New 
Yorh Acadetny of Sciences. Volume 51, Article 1. 

By M. L. Tainter, E. J. Anslinger, R. C, Batterman, 
R. N. Bieter, S. Bogoluh, K. K. Chen, N. B. Eddy, 
L. Glassman, B. B. Eershenson, S. A. Eirsh, R. W. 
Eoude, E. Isbell, E. E. Jenney, J. S. LaDue, L. C. 
Miller, E. E. Nelson, C. C. Pfeiffer, L. E. Rasmussen, 
E, A. Rovenstine, M. E. Seevers, L. F, Small, R. R. 
Sonnenschein, and F. F. Yonkman. The New York 
Academy of Sciences, New York. $2.75 (paper). 
Pp. 1-174; m. 1948. 

This monograph presents in a well-documented survey 
the latest information concerning the use of the newer 
synthetic analgesics, which are: demerol from the 
piperidine series, methadone from the diphenyl bu- 
tanone series, and metapon, the newest of the opiate 
derivatives. The chemistry, pharmacology, analgesic 
efficiency, drug-addicting properties, and drug com¬ 
plications of each of the three are presented by the 
outstanding authorities in this field. 

As Dr. Batterman concludes that side reactions 
are much more severe and frequent in the ambulatory 
than in the hospitalized patient, physicians who use 
these agents should be prepared to treat promptly the 
occasional vascular collapse, cerebral edema, bronchial 
spasm, or respiratory depression in the best environ¬ 
ment. 

Evidence is presented that many of these agents are 
better for some individuals than morphine from the 
standpoint of analgesic efficiency and lack of side 
effects. Nevertheless, they should be accepted as 
alternates for morphine and not entirely as substitutes 
for this most valuable drug. The results concerning 
many drags in this series, such as Nisentil, are not yet 
definite enough to indicate their superiority over 
demerol. Their use in obstetrics should be carefully 
regulated, especially for premature deliveries, since in 
combination with general anesthesia they can, like 
morphine, perpetrate and accentuate fetal apnea neo¬ 
natorum. Nevertheless, demerol, at least in obstetrics 
as in surgery and therapeutics, has already proved itself 
a reliable analgesic. The other new analgesics in the 


field of obstetrics are more unpredictable in a potential 
dangerous depression. 

Scientists stud 3 dng these agents cannot find a better 
collection of papers on this subject than this. 

Robert A. Hingson 



MICROBIOLOGY 

Practical Bacteriology, Hematology, and Para¬ 
sitology. Tenth Edition. 

By E. R. Stitt, Paul W. Clough, Sara E. Branham, 
and Contributors. The Blakiston Company, Phila¬ 
delphia and Toronto. $10.00. xiv -f* 991 pp. -{- 7 
plates; text ill. 1948. 

In the eleven years which have elapsed since the ninth 
edition of this well-known textbook appeared, many 
advances have been made in the fields which the book 
embraces. Extensive revisions have consequently 
been made, amounting to rewriting the sections on 
Bacteriology and Parasitology. As in earlier editions, 
the aim of the authors has been to correlate laboratory 
and clinical evidence. They have included all the 
available types of laboratory procedures, mcluding 
newer methods in the various fields. In the section 
on Hematology, for example, procedures discussed in¬ 
clude new work on human blood groups, the Rh factor 
and its relation to transfusion reactions and erythro¬ 
blastosis fetalis, preservation of blood for transfusions, 
and substitutes for blood. The authors have con¬ 
tinued to bear in mind the needs of the man in tropical 
or remote regions, who does not have access to well- 
equipped libraries or laboratories. This edition, like 
earlier ones, is completely indexed. 

Max Krahss 



T^ Chemical Activities of Bacteria. 

By Eryiest F. Gale. Academic Press, New York; 

University Tutorial Press, London. $2.25. vi + 

199 pp.; ill. 1948. 

TMs little volume is an authoritative condensation of 
present-day knowledge of bacterial metabolism. Many 
synthetic and analytic transformations performed by 
bacteria are briefly reviewed, and their significance in 
bacterial activities, including pathogenicity, are dis¬ 
cussed. Eleven chapters cover such subjects as the 
nature of bacteria, en 23 maes, growth, the nitrogen cycle, 
fermentation, and chemotherapy. The twelfth and 
final chapter, Some Practical Details, is a sort of appen¬ 
dage to the theoretical considerations, and is inferior to 
the rest of the book, in the opinion of the reviewer. 
However, with the exception of the last chapter, the 
book may be highly recommended. It provides an 
able, concise, yet elementary presentation of a con- 
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fusing and difficult subject. It is -well suited to intro¬ 
duce the subject to students, or to review it for workers 
in the fields of bacteriology, cytology, and biochemistry. 

Haejriette D. Vera 



Antibiotics Derived erom Bacillus polymyxa. 
Annals of The New York Academy of Sciences, Volume 
5i, Article 5. 

By P. H. Long, C. M, Aherson, M. J, Baker, P. H. 
Bell, R. G. Benedict, E. A. Bliss, J. F. Bone, R. 
Broschard, G. Brownlee, M. S, Bryer, S. R M, 
Bushhy, B. N, Carle, J. R. Catch, C. A. Chandler, 

A. C. Dornbusk, G. M. Eisenherg, J. P. English, 
C. E. Fellows, R. C. Gore, K. S. Howard, E. R. Jack- 
son, T. S. G. Jones, G. Krupka, S. Kushner, C. L. 
Larson, P. Little, E. M. Petersen, J. N. Porter, E. T. 
Reese, M. M. Rogers, E. B. Schoenbach, R. G. Shep¬ 
herd, E. L Short, P, G. Stansly, F. H, Stodola, Y, 
SubbaRow, A, E, Verier, E. J. White, S. Wilkinson, 
R. Winierhottom, and J. S. Zellat, The New York 
Academy of Sciences, New York. $2.25 (paper). 
Pp. 853-1000; ill. 1949. 

AuREOMYaN—A New Antibiotic. Annals of The 
New York Academy of Sciences, Volume 51, Article 2. 

By B. M. Duggar, L. Anigstein, J. Beninson, E. A. 
Bliss, A. E. Braley, R. L. Brickhause, M. S. Bryer, 
C, A. Chandler, M. C. Clark, E. S. Collins, R. Cos¬ 
grove, E. R. Cox, R. IF. Cunningham, A. C. Dornhush, 
H. F. Dowling, M. Finland, B. K. Earned, C. E. 
Bine, L. M. Hill, E. E. Lennette, M. H. Lepper, P. A. 
Little, M. A, Logan, P. H. Long, IF. /. McCauley, 
G. Meiklejohn, T. F. Paine, Jr., E. J. Pelcak, C. W. 
Price, A. Prigot, W. A. Randall, M, Sanders, E. B. 
Schoeribach, E. Stokey, Y. SubbaRow, L. K. Sweet, 

B. M. Thelen, R. E. Vessey, B. Welch, D. M. Whit¬ 
ney, S. C. Wong, L. T. Wright and N. N, Yuda. 
The New York Academy of Sciences, New York. 
$2.50 (paper). Pp. 175-342 + 3 plates; text ill. 
1948. 



HOEALTH AND DISEASE 

Evaluation oe Chemotherapeutic Agents. Sym- 
poskm Bdd at the New York Academy of Medicine 
March 25 and 26, 048. Number Two. 

EdUed^ by Colin M. MacLeod. Columbia University 
'Press, New York. $4,00. xii + 205 pp.; ill. 1949. 
Ba the Introductioil, the editor points out that this 
Symposium (Symposium Number Two of the Section 
on Microbiology) dealing with the evaluation of chemo- 
thorapeutic agents wa$ ‘‘designed to be broad in scope 
attempt to evaluate in a general way certain of 
the many factors involved in the success or failure of 
treatm^t* It has been felt that such a method of 


presentation is of more value than a division of atten¬ 
tion based upon the use of specific compounds in the 
therapy of particular diseases. 

The scope is illustrated fairly by an outline of the 
topics discussed, which include treatments of the sig¬ 
nificance of drug concentration in the blood, blood 
levels and renal clearance in relation to the chemo¬ 
therapeutic activity of penicillin and certain arsenicals, 
the significance of protein-binding by various agents, 
microbial resistance, defense mechanisms of the host, 
the nature and location of lesions, antibiotic therapy 
of localized infections, chemoprophylaxis of certain in¬ 
fections, the evaluation of antimalarial drugs, the 
chemotherapy of ricl^ettsial diseases and of viral infec¬ 
tions, and current attempts to define experimental ap¬ 
proaches to cancer chemotherapy. 

The various subjects are handled in separate chapters 
by authorities in the several fields. Such authoritative 
authorship in this instance has served to create a rather 
unusually interesting and valuable symposium volume. 
The book may be said to deal with a multitude of facets 
peculiar to a vigorously growing field. The biochemical 
basis of chemotherapeutic activity is not stressed here. 
The work has fulfilled its purpose in providing a num¬ 
ber of critical essays on the evaluation of the agents. 

Leslie Hellerman 



Flight erom Reality. 

By Norman Taylor. Duell, Sloan and Pearce, New 
York. $3.50. 237 pp. 1949. 

This interesting book deals with various narcotic and 
so-called habit-forming drugs. The history of usage 
connected with each one is presented in chronological 
order and in a highly readable manner, and the many 
anecdotes are entertaining. 

Although the author has at times used the scientific 
approach, the book itself is not, and was not intended 
to be, a scientific reference book. All in all, a good 
piece of work has been done in shedding light on how, 
where, and why, man found these substances—chiefly 
from plant life—^in order to “break the bonds that 
chain him to reality 

Robert V. Seliger 



Anaesthetics and the Patient. Sigma Introduction 
to Sciertce 15. 

By Gordon Ostlere. Sigma Books, London. 7s. 6d. 

166 pp.; ill. 1949. 

This monograph is directed, according to the author, 
to an imaginary audience of medical students and col¬ 
lateral scientists, as an introductory compendium 
presenting the background and present status of anes¬ 
thesia. The first four chapters, on history, practical 
anesthesia, how anesthetics work, and the stages of 
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anesthesia, are basically authoritative and undoubtedly 
provide useful knowledge for chemists, biologists, any 
physicists who have contingent liaison with the field of 
medicine. Likewise, the chapters on the anesthetic 
drugs, premedication, the development of anesthetic 
apparatus, are presented in an attractive manner. 

The last section of the book, deahng with technic, 
however, and discussing the applications of anesthetics 
to the various branches of obstetrics and surgery, does 
not conform to the opinions of many practicing anes¬ 
thesiologists today. The decreasing popularity of local 
and spinal anesthesia throughout Great Britain is con¬ 
trary to the increasing application of these technics in 
America. The chapter on anesthesia in midwifery 
indicates that the author has seen very little satis¬ 
factory obstetrical anesthesia. The author^s inaccu¬ 
racy in reporting that caudal analgesia in obstetrics is 
administered both by the midwife and the mother 
herself is regrettable. The following sentence illus¬ 
trates the unwarranted levity in style used through too 
much of this chapter: ^Caesar’ actually requires 

little in the way of anaesthetic to begin with, for, al¬ 
though the abdomen is opened to reach the baby, the 
mother’s abdominal muscles are stretched by her preg¬ 
nancy to such an extent that they ofier little resistance 
to the hand of the surgeon.” During the last four 
years, as reported to the Congress of Obstetrics in 
London last year, 77,000 caesarean sections were per¬ 
formed in thirteen major British Hospitals with a 
maternal mortality of 77. Many of these deaths were 
related or due to anesthesia. In some sections of 
England and America maternal mortality from this 
operation is reported as from one to four per cent, 
and subsequent infant mortality approaches 12 per 
cent. There is no operation which requires a more 
careful assessment of a safe, specifically adapted anes¬ 
thetic for both mother and baby than caesarean section. 

The chapter on curare is basically accurate and is 
written in an interesting manner. The last three 
chapters, describing the complications, modem anes¬ 
thesia, and anesthetics and the patient, conclude a 
readable elementary description of this phase of the 
specialty. 

Robert A. Hingson 



Paravertebral Block in Diagnosis, Prognosis, and 
Therapy. Minor SympaShetic Snrg^y. 

By Felix Mandl; transited by Gertrude KaUn^. 
WUh a foreword by Max Thor eh Grum & StraUon, 
NmYorh $6.50. xviii-h 330 pp.; ill 1947. 

The author of this book, Felix Mandl, is affiliated with 
the Hadassah University Hospital in Jerasalem. The 
first division of his subject consists of three chapters: 
The Anatomy of Paravertebral Injections; The Technic 
of Paravertebral Injections; and The Object and 
Theory of Efiect of paravertebral Block. The second 


major division has five chapters, dealing with Difieren- 
tial Diagnostic Significance of Paravertebral Block in 
Abdominal Diseases; Paravertebral Block as a Test 
Method; The Therapeutic Application of Paravertebral 
Block; Paravertebral Block in the Treatment of Various 
Disorders of the Extremities; and Paravertebral Block 
in the Therapy of Various Diseases and Ili-Defined 
Conditions. The book has few illustrations or draw¬ 
ings and relies mainly on summaries of cases and case 
histories for its demonstrations. 

The author starts by defining the object of para¬ 
vertebral injection, namely, to produce anesthesia in 
the neighborhood of the ganglionated sympathetic 
cord, the sympathetic ganglia, or rami communicantes 
of the segments to be eliminated in each case. It is 
also a very brief review of the anatomy of the vertebral 
cord and sympathetic system. Mandl next discusses 
six methods or technics of paravertebral block, all using 
novocain (| or i per cent) or novocain-alcohol, with a 
consideration of their complications and toxic effects. 

In Section Two, it is shown that paravertebral 
block, with proper selection of cases and proper technic, 
is a valuable aid in the differential diagnosis of cases 
of abdominal diseases, especially in distinguishing gall 
bladder pain from renal pain, gastric pain, or pancreatic 
pain by injection into different thoracic and lumbar 
segments on the right or left sides. The use of para¬ 
vertebral bloclcs as a test method preceding a sym¬ 
pathectomy has been found very useful in predicting 
the outcome of the operation, although a negative re¬ 
sult does not mean the patient would receive no benefit 
from the operation. In many cases it was found that 
novocain alone, or novocain-alcohol injection, lessened 
the need for an operation. The therapeutic applica¬ 
tion of paravertebral block in relieving the pain of gal! 
bladder or kidney disease was found to be very efficient 
and often aided or caused the expulsion of calculi. It is 
efficacious because it abolishes pain rapidly, and also 
abolishes spasm of the abdominal organs, making a 
definite change in the tonidty of the organ’s muscula¬ 
ture by acting through the afferent fibers running 
through the S3anpathetic nerves. Considerable space 
is devoted to discussing the application of paravertebral 
block to relieve angina pectoris and other '^cardiac 
pain.” Paravertebral block is considered the safest 
and yet the most successful method for the relief of 
angina pectoris. It has been used successfully to re¬ 
lieve paroxysmal and sinus tachycardia in selected 
cases. In other cases of pleural pain, pulmonary com¬ 
plications, and asthma, paravertebral block has been 
used with moderate success. In combination with 
sacral or transsacral alcohol block for inoperable cases 
of cancer of pelvic organs it has yielded good reEef. 
It was poor in essential hypertenrion. 

Other conditions in which paravertebral block has 
proved of much value are: periphery vascular dis¬ 
orders resulting from injury; arterial spasm; wounds 
of arteries; arterial hematoma, or false aneurysm; 
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A-V fistula; traumatic arteritis; traumatic venous 
thrombosis; after division of peripheral nerves; organic 
vascular diseases; local effects of cold; and such painful 
disorders of the extremities as phantom pain after am- 
putatioBj causalgia, and reflex dystrophy. Sympathec¬ 
tomy was preferred in thromboangiitis obliterans, and 
very few results were obtained from paravertebral 
block in cases of Raynoud’s disease. 

An appendix includes a discussion of the use of para¬ 
vertebral block in the last war and in rehabilitation 
surgery. The author beheves the complications of 
vascular and nerve injury will be greatly prevented 
by Ms technics and will be of major importance in the 
future wars. 

TMs is an intelligently written work by a person 
who has evidently spent many years in studying his 
subject and is an expert with tMs technic. He gives 
evidence of much search of literature on tMs subject, 
especially for the period 1916-1933. Although tMs is 
commendable, it has tended to make the book con¬ 
fusing in parts because so many theories and refutations 
are presented. Paravertebral block has been shown 
to be useful in many cases, but some of these uses can 
now be replaced with simpler technics, such as con¬ 
tinuous caudal, segmental peridural, or spinal blocks. 

Robert A. Hingson 



Precis be BactIieiologie Medicals. 

By Fierre Gastind. Masson et Cie., Paris. 2800 fr* 

xvi + 1040 pp. + 1 plate; text ill. 1949. 

TMs new textbook of medical bacteriology has been 
wTitten by a Professor of Bacteriology of the Faculty 
of Medicine of Paris, to replace the older work of 
PMIibert and Gastinel. The main divisions of the 
work are comprised of an introduction to general bac¬ 
teriology and immunology, general bacteriological 
technique and examination of pathological specimens, 
and descriptions of individual microbes pathogenic to 
man, including bacteria, viruses, and protozoa. All 
organisms likely to be encountered in a laboratory of 
medical bacteriology are fuUy characterized, and the 
immunology, serology, and chemotherapy of infections, 
as well as other relevant material are recorded. 

The classification of Pr€vot is compared with that 
of the 1948 edition of Bergey's Manual of Determinative 
Bacteriology. The nomenclature used in the text gener¬ 
ally follows that of Pr6vot,hut synonyms are also given. 
The book is thorough, comprehensive, and detailed, 
presenting both theoretical and practical aspects of the 
subject. American workers will undoubtedly find it 
interesting and useful as a reference. Within the text, 
however, citations from the original literature are rare; 
there is almost no bibliography. There are occasional 
typograpMcal errors. The table of contents follows 
the index at the end of the book. 

Harriette D. Vera 


An Introduction to Medical Mycology. Third 
Edition. 

By George M. Lewis and Mary E. Hopper. The 
Year Booh Publishers, Chicago. $8.50. xvi + 1 
plate; text ill. 1948. 

TMs tMrd edition continues to serve excellently the 
stated purpose of the authors “to serve as a primer— 
it does not pretend to include all the many controversial 
details and involved technical aspects of the subject.” 
Since the first edition, however, this book has been used 
to advantage by beginners and advanced students alike. 
The first-hand experience of the authors with the ma¬ 
terials presented and their ability to present concisely 
tMs material has allow'ed the book to become a standard 
textbook in medical mycology. 

The original plan of the book has been maintained 
with two sections. The first deals with the clinical, 
theoretical, and experimental aspects of fungus infec¬ 
tions; and the second, with laboratory methods. Ad¬ 
vances in medical mycology since the second edition 
(1943) have been added without materially increasing 
the length of the book. The original illustrations are 
without fault, and the additional figures also are ex¬ 
cellent. 

Norman F. Conant 



Virus Diseases or Man. Second Edition. 

By C. E. van Rooyen and A. J. Rhodes. Thomas 

Nelson & Sons, New York. $22.50. xiv + 1202 

pp.; ill. 1948. 

TMs second edition is a substantially improved and 
extended, but basically unaltered, revision of a book 
that fulfills excellently the purpose stated in its preface: 
“to provide a volume of reference for both the labora¬ 
tory worker and clinician interested in the field of hu¬ 
man and animal virus infections.” In the opinion of 
the reviewer, tMs book remains the best treatment of 
the subject available in English. It is indeed remark¬ 
able that tw^o workers have mastered and organized 
so critically such a wealth of factual information and 
bibliograpMc material. 

The form of presentation is a succession of state¬ 
ments of published observations, wMch reminds the 
reader of another excellent book, Topley and WilsoMs 
classic Principles of Bacteriology and Immunology. 
TMs makes the book more useful for reference purposes 
than if the subject matter had been treated in a more 
discursive way. The first section, on methodology, is 
adequate but disproportionately short and scanty iii the 
treatment of the theoretical considerations underlying 
the methods described. The main part, sections 2 to 
12, contains a detailed discussion of all virus diseases 
of man whose etiology is well established. Rickettsial 
diseases are not discussed, although the psittacosis- 
lymphogranuloma venereum group of diseases, a bor¬ 
derline group, is included. 
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Altogether, this volume, following the classical ap¬ 
proach of medical virology, appears to be the best that 
the pathologist can do in attempting to do justice to 
this field. It wHi be very useful also to those workers 
who are now attempting to approach the virus problem 
as a primarily biological problem. 

S. E. Ltjria 



Atlas of Cardiovascular Diseases. Correlation of 
Clinical Electrocardiography and Cardiac Roentgenology 
with Clinical History and Autopsy Findings. 

By Irmng J. Treiger. The C. V. Moshy Company, 

St. Louis. 110.00. i80pp-;ill. 1947, 

Treiger has correlated the classical uncomplicated 
clinical history and physical signs, roentgenologic 
findings, electrocardiographic changes, and gross path¬ 
ology in the more important varieties of cardiovascular 
conditions. The book begins with a sound presenta¬ 
tion of the normal heart and then takes up rheumatic 
heart disease, arteriosclerotic heart disease, hyper¬ 
tensive heart disease, syphilitic heart disease, and 
congenital anomalies of the heart and large blood ves¬ 
sels in an orderly, museum-like fashion. The generally 
satisfactory roentgenograms, electrocardiographic trac¬ 
ings, and photographs (some in color) are accompanied 
by a minimum of text, so that individual cases may be 
studied quickly. 

Unfortunately the electrocardiograms include only 
the four old standard leads. There is but passing 
mention of multiple precordiai leads and no considera¬ 
tion of the valuable unipolar limb leads. In addition, 
selection and quality of a number of the pathological 
specimens could easily be improved. 

Despite these criticisms, the atlas is well integrated 
and can be thoroughly recommended as a brief review 
and reference book in this important field, 

E, Converse Peirce, 2ni> 



The Peripheral Circulation in Health and Dis¬ 
ease. A Study in Clinical Science. 

By Robert L. Richards; With a Foreword by J. R. 
Learmonth. E. & S. Livingstone, Edinburgh. $6.00. 
xii + 153 pp.; iH. 1946. 

As a result of the segregation of similar cases by the 
British Medical Research Council, Dr. Richards has 
had an unparalleled opportunity to study large groups 
of peripheral vascular diseases which are ordinarily in¬ 
frequently observed. His small book is a beautifully 
written and scholarly account of his studies of these 
diseases, primarily by means of skin temperature meas¬ 
urements. Fully aware of the limitations of his 
method, the author has reviewed the related literature 
very thoroughly and has skilfully integrated it with 
his own observations. 


The book includes a concise and critical account 
of the anatomy and physiology of the peripheral vaso¬ 
motor system, a clear discussion of methods of study 
with particular reference to skin temperature measure¬ 
ments, an exposition of spontaneous and imposed 
vasomotor activity, and the results of studies in four 
major groups of peripheral vascular disorders: occlusive 
vascular disease, the Raynaud phenomenon, peripheral 
nerve injuries, and the immersion foot syndrome. 
There is much material not readily available in other 
works on the subject. Each chapter is fully annotated. 
Those who are seriously interested in studies of pe¬ 
ripheral circulation will find this book a considerable 
addition to their libraries. 

E. Converse Peirce, 2nd 



Your Skin and Its Care. 

By Howard T. Behrman and Oscar L. Levin. Emer^ 
son Boohs, New York. $2.50. 255 pp.; ill. 1948. 
The authors, who are skin specialists, present a program 
of skin hygiene which will help to ‘‘beautify the skin, 
to avoid skin disorders, or—should they already exist— 
to correct them.” Underlying causes of skin diseases 
are discussed at length, symptoms are described, and 
treatments indicated. The relations between skin 
and general systemic conditions are set forth, and the 
authors touch upon recent psychosomatic develop¬ 
ments in dermatology. The uses of cosmetics m skin 
care and their dangers receive appropriate attention. 
This book is a popular household reference manual on 
the proper care of the skin, so often neglected. It is 
practical, and wiU be easily understood by the average 
reader. A glossary, index, and eleven illustrations are 
included, 

Joseph C. Frankun 



Medical Aspects or Growing Old. 

By A. T. Todd. A William Wood Book. The Wil¬ 
liams & Wilkins Company, Baltimore. $3.50. viii 
+ 164 pp.; ill 1946. 

This little book is principally a handbook on rules for 
healthful living. Clearly and simply written, it should 
be of definite value to any la 3 rmLan who wants to enjoy 
a vigorous old age. The first three chapters are de¬ 
voted to a consideration of the real and supposed 
changes associated with ageing. Here Todd states his 
thesis that the wearing out of the body is “not... by 
the attrition of so much work, but rather, as in the 
case of badly kept machinery, from neglect and ig¬ 
norance.” The remaining 16 chapters provide detailed 
instructions on how to care for the machinery of the 
body. The problems of diet and digestion are dealt 
with at length, as might be expected, Cardiovascular 
troubles, genito-urinary disorders, and care of the 
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nose, skin, hair, and feet are taken up, and there are 
also chapters on sleep, exercise, and the requisites of a 
satisfactory retirement. Throughout, the author is 
completely specific, and his advice is often refreshing 
for its simplicity and directness. The sufferer from 
insonmia, for example, is advised to get up and try 
staffing awake. 

No one who writes on health is entirely free from 
personal prejudices, and Todd is no exception. Milk 
he regards as virtually a toxic substance in the adult 
diet; and grey hair he classifies among the “results of 
incorrect living.^’ But these are minor flaws in a book 
distinguished for its good sense. Above all the author 
stresses the simple and natural means of fostering and 
preserving health. The book may be especially recom¬ 
mended to those who have exposed themselves too 
much to the misinformation purveyed in advertise¬ 
ments and newspaper columns. There are two ap¬ 
pendices dealing with the caloric and vitamin content 
of common foods, and also a surprisingly good index. 

Floiience Moog 



Modkrn Tsends in Public Health. 

Edited by Arthur Massey. Paul B. Hoeber^ Medical 

Book Department of Earper & Brothers, New York. 

$12.50. xii -f 581 pp.; ill. 1949. 

This monumental work of 23 monographs by a like 
number of British experts covers most of the broad 
field of public health, and is presented as a summary of 
the development of British health services and activi¬ 
ties during the recent war and the early phases of social 
readjustment which have followed. Such topics as 
Nutrition and Public Health, Public Health Nursing, 
School Health Service, Occupational Health, and 
Health Education are discussed in relation to the total 
British public health situation by leading authorities 
in the several disciplines. In many instances, the 
historical development of the particular phase of public 
health under consideration has been presented, as well 
as some indication of those trends most likely in the 
future. Since the monographs are complete within 
themselves (each with summary and bibliography), 
they have been arranged by alphabetic order of the 
author’s name. 

The monographs reveal patterns of social develop¬ 
ment in public health which will undoubtedly be studied 
and discussed with equal interest by those either advo¬ 
cating or opposing any major change in the status of 
public health and medicine in the United States. Al¬ 
though the work has been prepared by British Public 
Health experts, drawing upon their British esperience, 
there is sufficient mateidal here of general interest and 
aipKca^on to the entire field, that it can be profitably 
used for classroom or reference work in pubic health 
training and activities in any part of the English-speak¬ 
ing world. A complete index is appended. 

B'. .Aubkey Schneider . ' 


Public Health in the World Today. 

Edited by James Stevens Simmons; assistant editor, 
Irene M. Kinsey; with a foreword by James Bryant 
Conant. Harvard University Press, Cambridge; Geof¬ 
frey Cumberlege, Oxford University Press, London. 
$5.00. xviii -{- 332 pp. + 5 plates; text ill. 1949. 
This is a collection of twenty-four papers which were 
presented at a series of Pubic Health Forums held at 
Harvard University in 1947-48. The four sections 
of the book are: The Profession of Pubic Health; 
Pubic Health in the United States Today; Pubic 
Health Programs and Problems Abroad; and Pubic 
Health in a New Era. The development and present- 
day concepts of pubic health are set forth in a vigorous 
and forceful manner. The status of federal health 
and medical care services, nutrition, occupational 
hygiene, and child health is surveyed. Problems of 
transportation, especially aviation, and of international 
organization for the promotion of pubic health services 
are discussed. The advent of the atomic era, with its 
new implcations for pubic health, is not forgotten. 
The result is a timely and significant publication. It 
should be read carefully and thoroughly by those who 
are concerned with, or profess any interest in education, 
pubic health, medicine, or world affairs. It is thought- 
provoking and enlightening. 

Harrtette D. Vera 



PSYCHOLOGY AND ANIMAL BEHAVIOR 

Historical Introduction to Modern Psychology. 
Revised Edition. 

By Gardner Murphy. Harcourt, Brace and Com¬ 
pany, New York. $4.50. 3dv -f 466 pp.; ill. 1949. 
This is the second edition of Murphy’s popular text¬ 
book. The first half of the book, made up of two parts 
on the early history of psychology, has been changed 
only a Ittle; the second half has been extensively re¬ 
vised. The latter contains two parts: one, consisting 
of six chapters, under the heading of Contemporary 
Psychological Systems; the other, also with six chapters, 
on Some Representative Research Areas. 

Murphy’s history is more eclectic than Boring’s 
History of Experimentd Psychology —the only other 
good textbook in the field. In his attempt at compre¬ 
hensiveness, however, Murphy has had to sacrifice 
the kind of detail tha|: characterizes Boring’s book. 
As one might expect, the sections on psychological 
systems and contemporary research areas, particularly 
the latter, reflect the author’s own perspectives. Al¬ 
though it would be virtually impossible, of course, to 
escape some bias, it is unfortunate that the author did 
not present a more balanced synopsis of current trends 
in research. Despite its shortcomings, this book, like 
its predecessors,is a useful addition to the psychologist’s 
library- 

, . A- Chafanis ’ 
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X>¥NAMic Psychology. The Century Psychology Series. 

By Perciml M. Symonds. Appleton-Century-Crofts^ 

New York. $3.75. x + 413 pp. 1949. 

This textbook of psychology constitutes an abridgment 
of a previous book. The Dynamics of Human Adjust¬ 
ment. The book leans heavily on psychoanal 5 ’’tic inter¬ 
pretations while claiming to eliminate those quotations 
less acceptable to the consciousness of most persons 
and hence 'which seem least convincing. It also elim¬ 
inates the dynamics of abnormal states and its un¬ 
familiar vocabulary. There are chapters on the or¬ 
dinary varieties of human tendencies and of mental 
mechanisms, and a final chapter on normality. There 
occurs twice (p. 2) an unfortunate misuse of a term, a 
misuse not excusable in a textbook: ‘Tt conceives of 
man as an organism which is responsive to the world 
about and who is capable of affecting efficient adapta¬ 
tion to the environment through the operation of his 
mental processes.’^ Although they function on more 
simple and rudimentary levels than man, they also 
affect a working relationship with their environment.” 
[Italics added.] 

Wendell Muncie 



The Child Is Right. A Challenge to Parents and Other 
Adults. 

By James Hemming afid Josephine Balls. Long¬ 
mans^ Green and Company^ London^ New York, and 
Toronto. 6s. xiv 4-176 pp. 4- 7 plates. 1947. 
This is a determinedly cheerful little book gaily ad¬ 
dressed to parents. The authors are reported to “have 
worked for many years among children of all ages,” 
but the exact nature of this work is not explained. 
Whatever it was, it made possible a phenomenal ac¬ 
cumulation of anecdotes to illustrate homey truths 
about how to understand children. These “truths” are 
good natured, common-sense ideas which can hardly 
be over-stressed, but their presentation here seems to 
fail flat. This may be due to the British authors^ use of 
English idioms which strike an American reader as 
forced or inappropriate, or it may be that neither author 
has a real gift for the humorous style which can by 
some ma^c take a serious topic and make it palatable 
and effective at the same time. 

Helen Aeteoje 



Geow Up—AND Live. Fdican Books 149. 

By Eustace Chesser. Penguin Books, Harmonds- 
worth, Middlesex. Is. 6d. (paper). 295 pp. 1949. 
Chesser has written an informal, chatty book directed 
toward the adolescent reader. He covers a tremendous 
area—^beginning with descriptions of the various body 
systems, going through a section of early duidhood 
problems, and concluding wiffi several ehaptem^ 
attaining maturity. At first glance it might seem that 


he has taken in too much, but when it is recalled that 
to the adolescent the world is just such a panorama of 
past, present, and future questions, it seems to be a 
peculiarly appropriate approach for the audience he has 
in mind. Throughout, he steers a middle course 
between the over-elaborate explanation and the useless 
generality or discreet euphemism. Altogether, this 
seems like quite a good book to give an intelligent teen¬ 
ager whose family has not been able to talk freely with 
him. 

Helen Aethhr 



How Personalities Grow. 

By Helen Skacter. McKnighi and McKnighi, Bloom¬ 
ington, Illinois. $3.00. 256 pp.; ill. 1949. 

Helen Shacter has -written a very readable little book. 
She quietly and interestingly introduces the reader to 
the concept of personality, and then effortlessly leads 
into some of the complicated facets of personality de¬ 
velopment, the different social needs that influence a 
person’s reactions, and at length some of the various 
defense mechanisms that operate along with efforts to 
satisfy these social needs. The last two chapters are 
concerned -with suggestions for improving one’s per¬ 
sonality in the light of increasing self-knowdedge. 

How Personalities Grow is remarkable for its clear, 
cool style. It can be read rapidly. Frequent pleasant 
pictures make the going even easier. Behind this sur¬ 
face, however, is a core of genuine feeling and informa¬ 
tion conveyed to the reader -without tension or passion. 
This volume would seem especially suitable for women 
—from highschool or college girls on in years—^who are 
often deeply concerned with their personalities and 
what to do about them. 

Helen Arthur 



Psychology of Peesonal Adjustment. Sttdmts^ In¬ 
troduction to Mental Hygiene. Second Edition. 

By Fred McKinney. John Wiley & Sons, New York; 

Chapman & Hall, London. $6.00. xii 4” 752 pp. -|- 

12 plates; text iff, 1949. 

This is a beginning textbook in psychology, but it is 
certainly appropriate reading for any person, particu¬ 
larly any college student, who is interested in the prob¬ 
lems of adjustment. It is specifically directed toward 
the adjustment of the college student, beginning with 
the most concrete sorts of problems, such as effidmt 
study methods, and the development of personal ef¬ 
ficiency in coEege. From this ^>edffc and concrete 
beginning, the most general and abstract problmis of 
conflict and: frustration are graduafly intro<hi«^ed,''' fflte 
final sections of the book 'deal"wlth^gen®al scwdal .ad¬ 
justment and’ 'the. implcatiofis 'psychology',ior 
healthier, -society;.' ' '■'Uhe hoo^ ;is 'yery readable, .throng-' 
oat,,,.profusdy. illustrate''case''.mate24d.;,ae;:iSome 
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very effective photographic illustrations. This edition, 
in contrast to the first, presents more conceptualization 
of the problems of personality, but it is not a coherent 
presentation of a scientific theory of personality. Some 
readers may object to the book on these grounds, but if 
so they quarrel with the author’s objectives. For what 
he intended, the book is extremely well done. 

Alfred L. Baldwin 



Essentials of Psychological Testing. 

By Lee /. CronbacL Harper &. Brothers^ New York. 

$4.50. xiv + 475 pp.; ill. 1949. 

The field of psychological testing has become, according 
to Cronbach, so complicated that a survey of psycho¬ 
logical tests is no longer a feasible undertaking. In¬ 
stead, the emphasis should be upon the intelligent 
choice of tests. In this volume the author has at¬ 
tempted to provide the student with criteria for making 
intelligent choices of tests which will suit the particular 
needs of the situation. 

The book seems well designed to achieve the author’s 
purpose. Among other discussions there is an excellent 
one on reliability and validity, a good section describing 
the importance of the subject’s perception of the test 
situation, and very competent concise reviews of ma¬ 
terial on a number of specific tests. In discussing tests 
of ability the contributions of factor analysis are well 
described. The final section describes various kinds of 
measurements of personality characteristics, including 
behavioral observations. The discussion of projective 
tests seems somewhat weaker than the rest of the 
volume. 

Alfred L. Baldwin 



Introduction to the Szondi Test. Theory and 
Ffoctice. 

By Sman Deri; with a foreword by Lipot Szondi. 

Grune & Stratton, New York. $5.00. xiv + 354 pp.; 

ill. 1949. 

This is the first discussion in English of a projective 
personality test devised by Dr. Lipot Szondi, a Hun¬ 
garian psychiatrist. In the test itself the subject 
chooses from each of six series of photographic por¬ 
traits those he likes most and dislikes most. These 
pictures include homosexuals, sadistic murderers, epi¬ 
leptics, hysterics, catatonics, paranoids, manics, and 
depressives. By charting the subject’s preferences for 
these various photographs, on a number of occasions, 
a series of test profiles is obtained. This information 
permits, according to the proponents of the test, a 
detailed personality description and diagnosis. 

In this book the rationale for this interpretation is 
presented. Corresponding to the eight types of people 
In the series of photographs are personadity character¬ 


istics, which are given a full discussion. The book 
contains very little empirical evidence which would 
permit the reader to make an independent judgment 
about the validity of tlie test interpretations, but it 
does present the rationale in such clear, logical fashion 
that the reader comes away from the book with an 
open-minded attitude about the possibilities of such a. 
test. Even if the test is invalid, it introduces some 
extremely interesting psychological concepts that may 
well be important contributions to psychological 
thinking. 

Alfred L. Baldwin 



Some Notes on the Psychology of Pierre Janet. 
By Elton Mayo. Harvard University Press, Cam¬ 
bridge. $2.50. X 4- 132 pp. 1948. 

Shortly before Mayo and Janet were to commence col¬ 
laborative work applying the latter’s particular psycho¬ 
logical views to the study of social and industrial prob¬ 
lems, Janet died. This small volume (dedicated tO' 
Janet) summarizes the French psychologist’s conceptual 
scheme for clinical study, his equilibrium hypothesis 
of behavior, and his brilliant delineation of hysteric 
and obsessional states. On these subjects the exiDosi- 
tion is clear and concise. The author’s attitude that 
Janet’s theories and work should be appreciated for 
their contemporary usefulness, rather than for their 
historical importance in medical and psychological 
science will be shared by few professional readers. 
Moreover, the author’s unqualified agreement with 
Janet’s general biological bias in the etiology of mental 
illness and, in particular, with his view that hysteria is 
a consequence of organic and constitutional degeneracy, 
is hardly tenable today. 

Although the author is concerned to bring the value 
of Janet’s work to the thinking of those dealing broadly 
with *^the difficult social, personal, and administrative 
problems of our time,” he has failed to develop Janet’s 
contribution beyond the level of individual and clinical 
psychology to its application in interpersonal relation¬ 
ships, except for such generalizations as this: 

The three simple claims of the Janet psychology 
that I have here outlined are of extraordinary im¬ 
portance to all students of society. The first two— 
the complexity of the attentive act and the inter¬ 
relation of action and reflection—he should study 
under the guidance of a competent psychologist in 
preparation for Ms work. This he must do in order 
that he shall be able instantly to detect the third 
group of symptoms—constraint and the emergence 
of obsessive thinking—when such symptoms appear 
in any social or industrial situation he is studying. 
For the appearance of such symptoms will warn him 
that there is some irksome constraint or feeling of in¬ 
security imposed upon the individual or the group 
studied by the general conditions of the surrounding. 
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However tme sucli statements may prove to be they 
fall short, in the reviewer’s opinion, of being revelatory 
or immediately helpful to those to whom the author has 
directed his book. 

As an addendum to his notes on Janet’s work, Mayo 
has included Janet’s lecture on Frightened People, a 
lecture dealing with the need of medical patients for re¬ 
assurance and urging attending physicians to recognize 
the importance of psycho-social counseling as a neces¬ 
sary aspect of physical treatment. 

Joseph C. Franelin 



Varieties oe Delinquent Youth: An Introdmtion to 
Constitutional Psychiatry. 

By William E. Sheldon w-ith the collaboration of Emil 

M. Eartl and Eugene McDermott. Earper & Broth¬ 
ers, New York. $8.00. xviii 4* S99 pp.; ill. 1949. 
Sheldonism has become something to be reckoned with 
in these days when panaceas and utopias are sought for 
in the magic of numbers. Around the Director of the 
Constitution Laboratory at the College of Physicians 
and Surgeons of Columbia University there has col¬ 
lected a cult as mandarin-like and as cabalistic as any 
of those (especially the psychoanalytic) against which 
he rages wrathfully in a style that reads like the mis- 
cegenous mating of Bernard Shaw with Philip Wylie. 
Latterly he has been taken to the bosom by certain 
literary luminaries (habitat Californiensis): among 
science-fictioneers he is the acknowledged darling; and 
for the outraged sensibilities of the anti-Freudians he 
is the leading manufacturer of precious balm. As he 
goes forth in print every few years to do battle against 
the forces of stupidity and evil, he w^ears the token of 
the eugenicists on his helmet, whence it flutters in the 
wind of his going like the squirrel tail from the motor¬ 
cycle of the young psychopath who just tore past my 
study window. 

In this, the third volume of the Human Constitution 
Series—and the weightiest by bulk—Sheldon has used 
delinquency as the vehicle for his diatribes. Two hun¬ 
dred youths, sometime residents of the Hayden Good¬ 
will Inn, a Boston rehabilitation home for boys, provide 
the raw data for this study. Sheldon presents them in 
a wearying procession, single file, replete with the by- 
now-famous Somatotype Performance Test, i.e., triple¬ 
view photograph, standard somatotype description 
embellished with characteristic adjectives and highly 
subjective paragraphs relating to Temperament, De¬ 
linquency, Origins and Family, Mental History, Medi¬ 
cal Running Record, Summary, and Comment. Intro¬ 
ducing in this volume, for the first time, a scale for the 
measurement and description of the psychiatric vari¬ 
ables as well as a new Index of Delinquency (or Dis¬ 
appointingness), Sheldon now attempts to round out 
the so-called ^‘biologically oriented psychology” which 
he hopes win rescue the study of man from the fiendish 


grasp of the Freudians and set it upon the highroad 
toward a biological humanics. 

The work presented here is open to the same criti¬ 
cisms that have been made against previous work pub¬ 
lished by Sheldon and his colleagues. Both metho¬ 
dology and statistical treatment betray the author’s 
owm Dionysian temper, and he seems not to have taken 
too seriously the objections raised in scientific quarters 
against his high-handed way of treating experimental 
data in the past. While, in this volume, he has gone 
to commendable lengths to validate his scale for the 
quantification of psychiatric variables, the ID (In¬ 
dex of Delinquency) appears contrived. Finally, the 
entire study reveals again the typical Sheldonian scien¬ 
tific sins of limitations of sampling and possible con¬ 
tamination through methodological subjectivity and 
bias. 

In all this welter of data, amidst all the charts, tables, 
figures, schemes, and photographs with which this giant 
of a book is filled, the conclusions of the research are 
quite lost. Perhaps, though, it were better to say they 
are hidden and obscured by the semantic fog these 
constitution researchers have raised in their attempt to 
explain and quantify their work. Diligent search, 
how^ever, discloses that the “criminals” studied are 
“pronouncedly ectopenic mesomorphs with about 
average endomorphy,” are of moderately short stature, 
are psychiatrically Dionysian “with a mild sustaining 
paranoia,” are of average primary g (gynandrophrenia) 
but of a low secondary g, and of “almost average pri¬ 
mary t (aesthetic pleasingness) but of lower secondary 
excel in general strength and athletic ability but are 
of “only average hand strength,” and possess a mean 
IQ “at about the level sometimes called normal sub¬ 
average.” We learn, too, that their maternal parentage 
is recognizably “burgeoned,” and that they and their 
sons are, as a whole, cerebropenic; also, that the parents 
of delinquents are quite as delinquent as the delinquents 
studied, themselves. The relationship between the 
burgeoned state and cancer and that between hebe¬ 
phrenia and asthenia give Sheldon an opportunity for 
some interesting speculations as to biological delin¬ 
quency, and he takes advantage of it with enthusiasm. 

Reading Sheldon, I am always tempted to ask, 
What’s all the shouting about? After all, it was Freud 
who said, “Anatomy is Destiny”—thus paraphrasing 
Napoleon—^and no psychologist worthy of his degree 
would question that the morphology and physiology 
of the body are dynamically interrelated with the 
functioning organism. I cannot but suspect the com¬ 
pany Sheldon keeps and the sources of Ms information. 
His special peeve is the psychoanalyst, and upon him 
he pours a verbal venom that should make even Mon¬ 
signor Sheen jealous. As a psychoanalyst myself I 
must object strongly to the sneering implications of 
Sheldon’s characterizations of myself and my colleagues. 
We do, indeed, have our lunatic fringe; but I rather 
believe it consists of people who have misread and mis^ 
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interpreted Freud and Ms followers exactly and to the 
same extent as Sheldon has. No psychoanalyst of my 
acquaintancej at least, would deny the worth of mor¬ 
phological research nor fail to recognize and respect its 
adjuvant function in the study of man and his be¬ 
havior. But—if I may speak for the bulk of my col¬ 
leagues—^we do not think that Sheldon’s methods or 
results yet entitle him to speak with the voice of author¬ 
ity and prophecy. 

Ail of this is not to say that Sheldon should not be 
read. He should; for there is a hard core of scientific 
truth beneath the exuberant posturings, and the hy¬ 
potheses upon which the research is founded are certain 
eventually to assume an important place in the ongoing 
search for more knowledge about ourselves. More¬ 
over, Sheldon should also be read for the sheer fun of it. 
In this book, especially Chapter Six is guaranteed to 
entertain. Here Sheldon, taking his cue from the ma¬ 
terials of his research, really lets himself go on his most 
cherished prejudices—Freudianism, Mr. 7-7-7 (better 
known as Mr. G or just plain JC), and Roosevelt. 
While to some of us it may seem strange to find the 
distinguished proponent of a biological humanics har¬ 
boring the biases of ordinary mortals and concerned 
like the veriest college sophomore with what is best 
described as the apparently permanent effects of a 
religious hangover, none of us can aSord to miss the 
opportunity to sit at the feet of a modern Jeremiah 
clothed in cap and gown. 

(By the way, Dr. Sheldon, this reviewer is a psycho¬ 
analyst: somatotype about 3-3|-4. Primary g ±, 
secondary g -f 1. Primary t 4, secondary t 2, Tem¬ 
perament cerebrotonic, probably 5-2-3.) 

Robert Lindner 



The Yearbook of Psychoanalysis. Volume 4. 1948. 

Edited by Sandor Lor and. International Universities 

EresSj New York. $7.50. 356 pp. 1949. 

In the fourth volume of the Yearbook of Psychoanalysis 
the editors have again collected a series of absorbing 
and provocative papers in the psychoanalytic field. 
There are twenty-two papers altogether. The first is 
devoted to an obituary of A. A. Brill, one of the leaders 
in the psychoanalytic movement in this country, who 
died in 1948. The next three papers have historical 
interest in relation to the psychoanalytic movement- 
one being an actual report from the minute of the 
Vienna Psychoanalytic Society, and two concerned 
with Josef Popper-Lynkeus, a thinker and poet of Vi- 
0msi who had considerable influence on Freud. 

The majority of the papers, contributed by such 
well-known psychoanalysts as Ernest Jones, Kate 
Friedlander, and Bernhard Berliner, have to do with 
specific contributions to psychoanalytic theory. They 
are all written for the edification arid stimulation of 
those who are already ground- in basic psycho¬ 


analytic concepts, and are extremely challenging. They 
represent the best of the psychoanalytic writing through 
the year. 

Eight papers in the book are devoted to current 
psychoanalytic research projects. Five of these have 
to do with the psychoanalysis of literary material. 
These are interesting. One, by Felix Deutsch, is an 
examination of The Respiratory Neurosis of Charles 
Kingsley. It is a fascinating and learned, detailed 
examination of The Water Babies and Anton Lockds 
Dream, from which the author proves how Kingsley’s 
psychosomatic illnesses directed his literary endeavors. 
Skinner does a similar kind of psychoanalytic explora¬ 
tion of Lewis Carroll’s Adventures in Wonderland. It is 
an interesting case report on the author as seen through 
his work and some biographical data. In a sense these 
scientific dissections of well-loved masterpieces detract 
considerably from one’s enjoyment of these classics 
themselves, but they do contribute rather dramatically 
illustrated clinical material for a psychoanalytic presen¬ 
tation. 

There is no doubt that this Yearbook, now in its 
fourth volume, is an important addition to every 
psychoanalyst’s library. It presents a carefully culled 
and representative group of the most important papers 
of the year. 

Helen Arthur 



Encyclopedia of Criminology. 

Edited by Vernon C. Branham and Samuel B. Kutash. 

Philosophical Library, New York $12.00, xl -j- 

527 pp. 1949. 

Under the very best of circumstances, no encyclopedia 
can be reviewed adequately. The very nature of such 
a multipedal beast precludes its being treated according 
to the critical standards usually applied toward other 
publications. It coheres only because it is thinly 
united by a topical thread and a meticulous conform¬ 
ance to the punctate demands made upon it by the 
alphabet. Finally, it labors mightily for completion, 
catholicity, and authority, but is foredoomed at best 
to produce only a struggle and a confusion between its 
covers as it comes closer and closer to realizing such 
intentions. 

The best that can be said about the particular en¬ 
cyclopedia under discussion is that, where the form of 
publication does not defeat them, Branham and Kutash 
have performed creditably an onerous task. Crimin¬ 
ology is a bastard discipline, a chronic borrower from 
every possible science and field of study. Perhaps 
more ambitious editors would have ranged more widely 
in their search for material and so have fiemonstrated 
this further than Branham and Kutash have done; but 
then the bulk of the product might have frightened 
away proactive readers. As it stands, there is 
enough here to demonstrate the tremendous scope and 
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direction of what has always been a fascinating, if 
little rewarding, adventure of the inquisitive intellect- 
The subject itself emerges—as it indeed is—an em¬ 
bryonic discipline painfully groping toward a minimum 
requirement of objectivity on its long w’ay toward 
sciencehood. Beneath its perhaps too spacious seman¬ 
tic blanket, it has had to pair off and seek to unite 
strange bedfellows. The outsider who, ail unwary, 
plunges into the midst of its present chaos must, alas, 
be most impressed by the monstrous couplings he ob¬ 
serves, and the queer offspring that to his unaccustomed 
eye appear to defy Mendelian predictability. All of 
this, from Abandonment to Usury and beyond, is well 
illustrated in the pages of this volume. 

As a citizen cognizant of his responsibility to remain 
informed, the biologist will naturally be interested in 
tins work on a subject so important to the national 
welfare. As a scientist, he wiU deplore certain in¬ 
dividual pieces for their subjective and undeservedly 
conclusive tone. As a general reader, he wiU regret 
the poor quality of the binding, the unsuitable paper- 
stock, the completely useless index, and the outrageous 
price he is asked to pay for a book of only a little more 
than five hundred pages. 

Robert Lindner 
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Growing Superior Children. Revised EdUion. 

By L Newton Kugdmass. D. Appleion-Century Com- 
pany, N&u) York and London. $5.00. xvi -{- 590 
pp. + 8 plates; text ill. 1946. 

Growth and Development oe the Young Child. 
Fourth EdUion. 

By Winifred Randy Mary E. Sweenyy and E. Lee Vin¬ 
cent. lY. B. Saunders Companyy Philadelphia and 
London. $3.00. viii -f 481 pp.; ill. 1947. 

As indicated by the titles, the approaches of these two 
volumes differ somewhat. Rugelmass is more con¬ 
cerned with telling people, particularly parents, how 
to deal with children in order most effectively to pro¬ 
mote physical, mental, and emotional growth. Rand, 
Sweeny, and Vincent are more inclined to describe the 
growth process and to account for differences. Kugel- 
mass is more inclined to lay down the law, to say “this 
is so” and to give, for example, very spedfic and de¬ 
tailed instructions for punishment, sex education, work, 
play, sleep, exercise, etc* Rand, Sweeny, and Vincent 
prefer to give evidence of research in these areas. Un¬ 
questionably more scholarly in their approach, the 
latter authors cite 417 references in their bibliography. 
K-ugelmass has no bibliography at all, restricting him¬ 
self to a glossary. La3rmen, however, will probably 
prefer the treatment by Kugelmass. In the reviewer^s 
experience, most parents are inclined to ask for specific 
instructions about their children, rjither than scientific 


explanations of behavior and development, or results 
of research. 

The areas covered by the two books are quite similar. 
Rand, Sweeny, and Vincent begin vdth current concepts 
of growth and development. They point out that 
rapidity is not necessarily desirable, that children may 
be different yet normal, and that readiness (maturity) 
is prerequisite to learning. The discussion of home 
and family as the background of growth is well handled 
and covers the whole gamut of psychological and socio¬ 
logical forces from birth control to juvenile delinquency. 
Characteristic of the authors’ approach is their state¬ 
ment regarding compensation: ‘‘The human body has 
a tremendous power of compensation in the physical 
realm. It learns to adjust itself sometimes to almost 
unbelievably difficult handicaps, and it would seem as 
if this principle were true in regard to other aspects of 
life as well. One would not deliberately set up eco¬ 
nomic, physical or social handicaps for any child, but 
if they do occur one must not consider them necessarily 
overwhelming, dooming the child to what the condition 
seems to indicate. There may be inherent in the very 
challenge of difficult situations compensations worthy 
of consideration and the liabilities may indeed become 
assets.” 

The ensuing discussions deal with preconceptional 
preparations, including such matters as preparation 
of the siblings; physical equipment (in great detail) for 
growth and development; care and feeding of the grow¬ 
ing child, including frequent citations from research 
and descriptions of individual cases; intellectual growth; 
and social and emotional growth. The 63 illustrations 
are very good in general. The intent of the authors 
that the book be used as a textbook is revealed by the 
itemization of topics for class discussion, as well as 
references at the end of each chapter. Growth and 
Development of the Young Child is a fourth edition, 
and the major alterations are in the fields in which 
most new knowledge has been attained in recent years: 
those dealing with intellectual, social, and emotional 
growth. 

Growing Superior Children is also a revised edition, 
and in this instance the greatest amount of change is 
reported to be in the area of nutrition. The title of the 
opening chapter is Perfecting the Newborn Prenatally. 
The next chapter deals with Evaluating the Newly 
Bom Baby. Throughout the book, the emphasis is on 
“promoting, perfecting, cultivating and adjusting.” 
A quotation from Chapter 20, Personality in the Mak¬ 
ing, may be revealing. “Instinct is the most deq>^ 
seated mechanism of the central nervous system. It 
operates through the bodily organs as equipped by 
Nature, whereas intelligence devises new tools for self- 
preservation. Instincts, however, are molded info the 
very flow of life, which intellect can ndther comprehend 
nor modify. Whatever the developmental statuS'-of■ 'the 
^ individuaJ, the mstinctive'^dtives |toist ^pnto his'end, 
The major ^' instincts are'! se^-pm^rva0on, ' 'md 
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sociality, and upon the adjustment of these, much of the 
personality depends.” There are nine plates and 29 
drawings and diagrams, most of which are very good. 
Probably more illustrations would have been helpful 
in both books. The dust jacket on Kugelmass’ book 
is most attractive. 

The reviewer may seem to have favored unduly the 
book by Rand, Sweeny, and Vincent. In all fairness, 
the difference in purpose of the two books should be 
kept in mind. There is undoubtedly a place for such 
books as Growing Superior Childrett, If taken cum 
grano sails and followed by a healthy dose of something 
like Q‘owth and Development of the Young Child, it might 
serve a very useful purpose. 

ARTmjR Lichtenstein 



Tempeeathse and Human Life. 

By C.-E. A. Winslow and L. F. Herrington. Prince¬ 
ton University Press, Princeton. $3.50. xiv -f- 272 
pp. -b 5 plates; text ill. 1949. 

Most investigators concerned with problems of heat 
exchange between the human body and its environ¬ 
ment are familiar with the series of papers on the subject 
which issued from the John B. Pierce Laboratory of 
Hygiene over the years 1935-1940. These described 
methods of partitional calorimetry and derived princi¬ 
ples from their use which enabled a satisfactory mathe¬ 
matical expression to be given to such problems of heat 
exchange. They undoubtedly deserve a place in his¬ 
tory as critical developments in the field of thermal 
physiology. Most workers with whom the reviewer 
has talked, however, share with him, at least in private 
conversation, a certain impatience with the complexity 
of the presentation adopted in these papers. The first 
three chapters of this volume summarize much of this 
material, and do so in a way which is much simpler 
than that used in the original papers. The claims of 
the publisher that ^*the discussion may be foEowed by 
anyone with a background of elementary science” are 
quite true; but readers will need a fairly firm deter¬ 
mination, for the style is still more pedagogic than 
stimulating. It is the hope of the reviewer that such 
determination will indeed be shown by an important 
number of *‘architects, heating and ventEating en¬ 
gineers, designers of clothing, pubEc health officials, 
doctors,” etc., since the orientation to be obtained 
from this book is essential if they are to appreciate the 
modem approach to problems of man’s welfare in the 
face of environmental stress. For reasons which are 
set out in one of the later papers (A. P. Gagge, Amer. 
J. Physiol, 131: 93-103. 1940), variations in atmos¬ 
pheric humidity are given a subordinate place in the 
authors’ considerations, but this detracts somewhat 
from the direct application of their work to hot humid 
conditions, where vapor pressure must enter largely 
into practical considerations. The fourth chapter 


extends the concepts developed in the earlier ones to 
the design and use of clothing, and the next two chap¬ 
ters do the same for air conditioning. Those faced 
with tropical problems could wish that as much em¬ 
phasis had been placed upon hot as upon cold condi¬ 
tions, but the weighting is a natural one. The attention 
given to the design of tropical headgear is perhaps 
excessive, since the heat absorbed from solar radiation 
is conveyed from the skin before it can penetrate the 
skull and adds only fractionaEy to the total heat load 
of the body. The last chapter discusses the relation¬ 
ships between climate, season, and health. To the 
reviewer this smacks too much of certain popular 
generalizations, and stakes too much upon the assump¬ 
tion that the coexistence of a life process or state with 
certain geographical conditions is proof of a causal re¬ 
lationship. Its inclusion tends to weaken the scientific 
merit of the book, and to cloud the objective scientific 
interest which inspired the Pierce Laboratory investi¬ 
gations. Nevertheless, the book as a whole is weE 
worth study, though with diligence and independent 
judgment. 

Douglas H. K. Lee 



Man in the Peimitive World. An Introduction to 
Anthropology. McGraw-Hill Series in Sociology and 
Anthropology. 

By E. Adamson Hoehel. McGraw-Hill Book Com¬ 
pany, New York, Toronto and London. $5.00. xii 
-{-543 pp.; ill. 1949. 

This new textbook of anthropology is about midway 
between the short, factual, practical book for the under¬ 
graduate and the lengthy, sophisticated, theoretical 
treatise that might be admirable or not, depending 
on the quality of its theories, but is in any case some¬ 
what beyond the needs of the undergraduate. It is an 
inteUigent, competent treatise, best in its chapters on 
social relations Eke marriage, property, law, and govern¬ 
ment. It also gives attention to fields Eke housing and 
art, often neglected in textbooks. The latter chapters 
profit particularly from the excellent illustrations. 

Erwin H. Ackerknecht 



General Anthropology. 

By Harry Holbert Turney-High. Thomas F. Crowell 
Company, New York. $4.00, xx -{- 581 pp.; iU. 
1949. 

Among the many recent attempts to bring out a useful 
textbook in anthropology for undergraduates, this 
seems to be the most practical we have seen so far. 
WhEe it might lack the more or less brilEant formula¬ 
tions and subjectivities of other enterprises, the author 
stEl adheres to the almost forgotten, but well-tried rule 
“that the undergraduate should be grounded in descrip- 
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tive facts before being launched into theory.” Thus he 
describes competently the basic data on physical an- 
thropolog:^^, archeology, ethnography, and ethnology. 
Numerous well chosen illustrations enhance the peda¬ 
gogic value of this text, which is also praiseworthy for 
its manageable proportions. 

Erwin H. Ackernecht 



The Theory op Hhihan Culture. 

By James Feibleman. Duell, Sloan and Pearce^ New 

York. $5.00. xiv + 361 pp. 1946, 

This is a metaphysical speculation on the nature of 
human culture, and is based on the h>'pothesis that 
culture is the result of the response made by members 
of a social group to a hierarchy of three fundamental 
human drives—feeding, breeding, and inquiry. In 
this, at least, Feibleman avoids the single motive ex¬ 
planation so popular wth some of his contemporaries, 
particularly those who are disciples of Freud (sex), 
Marx (economic), or Nietsche (will-to-power). Also 
he is, shall we say, more conservative than Ratzen- 
hofer, who postulates five basic motives. 

The author divides his subject in three parts. The 
first part, on the Elements of Culture, deals mth The 
Human Individual, The Theory of Common Sense, 
The Theory of the Ethos, The Organization of Culture, 
The New Ethnology, Types of Culture, and The Move¬ 
ment of Culture. Part II deals wdth some examples of 
culture, such as the Maya, Pueblo, and Baiga, as repre¬ 
sentatives of early cultures, and with those of the 
Chinese and English, as examples of advanced cultures. 
In Part III of the book some consideration is given to 
the Treatment of Culture, its advancement both from 
a social and individual point of view, and to the possible 
question of a science of culture. 

With the exception of Part II of the book, this re¬ 
viewer found it rather heavy going, and suggests that 
those readers who may be interested in the book try 
this sample before plunging in: 

“The psychological order whereby psychic events 
follow one another in time is a compromise between the 
logical order of being or possibility and the historical 
order of existence or actuality. The psychological 
order endeavors to apprehend the logical order in the 
historical, to bring to earth by means of feeling, reason¬ 
ing and acting the logical possibilities of ontological 
values which have not yet been made available to ex¬ 
perience. Students of philosophy, psychology and 
biology are fond of pointing to the faculty of reasoning 
and the cognition of universals as the distinguishing 
characteristic or ability marking off the human being 
from the higher animals. Feeling they condemn as a 
faculty shared by human beings with the higher ani¬ 
mals, but this is an error made in consequence of divid¬ 
ing reasoning too sharply from feeling. There is 
another error involved, and this consists in assuming 


that while reasoning cognizes universals, feeling is only 
affected by the concrete, on the further assumption 
that not only are reasoning and feeding divided but also 
imiversals and values. Through the cognition of uni¬ 
versals, the feelings are led to apprehend abstract 
values” (p. 22). 

David B. Tyler 



The Community oe Erai (W'etar) . (Texts and Notes ). 

Studies in hidonesian Culture, II. Verhatidelingen Der 
Koninklijke Nederlandsche Akademie Van Wetenschap- 
pen, Afd. Letterhmde. Nieuwe Reeks Deel L, Number 2. 
By J. P. B. De Josselin De Jong. N. V. Noord- 
Eolandsche Uitgevers Maatschappij, Amsterdam, f. 
7.50 (paper), iv -f 152 pp. -f 1 plate; text ill. 1947. 
Erai is a hamlet on Wetar, an island north of Timur. 
J. P. B. D. dejong spent 18 days in Erai. Most of Ms 
book consists of 25 texts, mostly myths, collected dur¬ 
ing this time, together with their translations, grammar, 
and vocabulary. In a 32-page Introduction the author 
reconstructs from the hints given in the texts the nature 
of the family system, ritual, warfare, and material cul¬ 
ture of Erai, combining with it wEat little observational 
material he had collected. This is a useful but not very 
impressive monograph. 

Erwin H. Ackerknecht 



The B.4NTU Tribes op South Aprica: Reproductions 
of Photographic Studies. Volume ///, Section //, The 
Ngimi: Section II, The Mpondo and Mpondomise. 
With an Introductory Article on the Mpondo and Mpan- 
doniise, and Descriptive Notes on the Plates. 

By A. M. Duggan-Cronin; introductory article and 
notes by Monica Wilson. Deighton, Bdl & Company, 
Cambridge, England; Alexander McGregor Memorial 
Museum, Kimberley. 25s. (paper). 19 pp. -f- 40 
plates. 1949. 

This is another volume of the photographic anthology 
of the South African Bantus. As in previous volumes: 
1) the pictures are posed too often for tMs reviewer’s 
taste; 2) an excellent introduction is provided by a first- 
rate anthropologist who possesses an intimate knowl¬ 
edge of the tribe, in this case Mrs. Monica Hunter 
Wilson. 

The 330,000 Mpondo and the less numerous Mpon- 
domise show ail the familiar Bantu traits: family kraals, 
the cattle complex, ancestor worsMp, etc. An interest¬ 
ing variation is that, unlike the aggressive Zulu and 
Swazi, they organized their defensive regiments not on, 
an age group but on a territorial basis. Modem con¬ 
ditions, keeping 50 per cent of the able bodied men 
away in the mines, soil erosion, etc,, have produced 
serious disruptions of tribal life. 

Erwin, H. Ackerkneckx 
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The Negro in the United States. 

By E. Franklin Frazier. The Macmillan Company^ 

New York. §6.00. sxxii -f 767 pp.; ill. 1949. 

The well-knoviTi sociologist to whom we owe already so 
many excellent detailed studies of the Negro problem 
gives here a synthesis of his own and the total body of 
existing research on it. He describes the development 
of the Negro community and its institutions, and the 
emergence of the Negro as a racial minority. A first 
part of the volume is devoted to the social and economic 
status of the Negro under slavery. The second part 
deals with “emancipation/^ following the disenfran¬ 
chisement of the Negro and the restoration of “white 
supremacy” in the South. A third part contains an 
extensive demographic and sociological analysis of all 
types of present-day Negro communities, their classes, 
the Negro family, churches, fraternal organizations, 
and business. Education on all levels, the Negro press, 
iiileliigentsia, and social movements are reviewed in 
part four. The fifth part discusses problems of adjust¬ 
ment like health, family disorganization, crime, and 
race prejudice. Frazier emphasizes the tremendous 
change in the status of the Negro during the last thirty 
years, brought about through urbanization and the 
great migrations of the two World Wars. 

One is struck by the comprehensiveness and scien¬ 
tific value of the study under consideration as well as 
by the extreme wealth of detailed studies of high quality 
upon which it could be based. They too might be not 
merely a reflection, but a real factor in the change of the 
last 30 years. The only major omission is an analysis 
of the experiences in the armed forces in World Wars I 
and II. Sometimes parallel figures for the white popu¬ 
lation (as in the case of the occupational “pyramids” 
on pp. 293, 295, 297) would have been desirable. As a 
whole this is a most valuable book. 

Erwin H. Ackerknecht 



The American Woman in Modern Marriage. 

By Sonya Ruth Das. Philosophical Library, New 

York. $3.75. iv -f 185 pp. 1948. 

According to the author, the emancipation of woman 
has advanced farther in the United States than any¬ 
where else, thanks to voluntary motherhood, economic 
independence, intellectual progress, political freedom, 
and the femmist movement; and hence American 
women »have acquired a “new individuality/^ Mar¬ 
riage has become a functional and dynamic relation¬ 
ship, and the family has became a democratic organiza¬ 
tion. This has brought about a few problems like the 
necessity of a new code of feminine ethics, and the 
adjustment of the conflicting interests of modem 
woman as individual, mother, and wife. 

The little book is the adaptation of a French Ph.B, 
thesis of 1934, and as dull as it should be. It giv^ a 
few useful data, but less than one would espect in view 


of the detailed work done by others in the field. The 
author is a feminist, and thus feels, in spite of reportiag 
our appalling divorce rate (31 per cent in 1945), that 
everything over here is just fine. 

Erwin H. Ackerknecht 



Voluntary Parenthood. 

By John Rock and David Loth. Random House, 
New York. $3.00. viii -f 308 pp. 1949. 
According to the publishers’ blurb, this is a “self-help 
book in the sense that it is meant to help the reader 
plan his or her own family.” Basically it is a sound 
piece of work, as one would expect from the distin¬ 
guished authors. As a guide for layman, however, it 
seems open to criticism on several counts: 

1. It is written in a rather verbose style and contains 
much material which seems not to be relevant to the 
subject. Included are a number of “case histories” 

about Harry and Harriet, or the E-’s, etc. This 

is an effective educational device if used sparingly, 
but it will irritate some readers if used to excess. 

2. The technical detail offered in certain chapters, 
especially those on the causes and treatment of in¬ 
fertility, is far too great for the layman’s need and 
understanding. On the other hand, one wonders 
whether it would not have been possible to list the 
jellies, creams, and suppositories tested and ap¬ 
proved by the American Medical Association, es¬ 
pecially since other contraceptive procedures are 
described with complete directions for use. 

3. Tliere are no bibliographic references whatsoever, 
neither as documentation for specific statements (in¬ 
cluding many quoted directly), nor as suggestions for 
further reading. 

4. The Catholic point of view is represented fairly in 
the words of the Rev. Francis J, Connell of the 
Catholic University of America. However, the im¬ 
plications of this point of view are only hinted at, 
and are not discussed. 

In addition, the book has its share of factual errors, 
misinterpreted statistics, and other blemishes. These 
probably will not do the lay reader much harm, but 
they could easily have been avoided. 

Christopher Tietze 



Length or Lire. A Study of the Life Table. Second 
Edition. 

By Louis L Dublin, Alfred J. Lotka and Mortimer 

Spiegdman, The Ronald Press Company, New York. 

$7.00. xxvi-1- 379 pp.;iH. 1949. 

This is the second edition, much enlarged and thor¬ 
oughly brought up to date, of the two senior authors’ 
classical text on the life table, originally p^ublished in 
1935. The first edition has long been out of print, 
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and the new one will fill a definite need. Very skill¬ 
fully the book combines offerings at different levels of 
complexity. For the educated layman it has a lucid 
presentation of the elementary principles of the life 
table and a chronicle of progress in the field of health 
and the prolongation of human life from the dawn of 
history to the present day. Social scientists and medi¬ 
cal men will be able to obtain much useful information 
on the relationships between death rates and such fac¬ 
tors as sex, age, marital status, race, occupation, hered¬ 
ity, and specific diseases. Demographers and public 
health workers mil notice the new chapter on forecasts 
of mortality and longevity and the discussions on es¬ 
timates of future population and on **generation*’ or 
**cohort’^ life tables. The detailed exposition of an 
abridged method of life table construction will be par¬ 
ticularly useful to them. The connoisseurs will cer¬ 
tainly enjoy the magnificent collection of almost one 
thousand life tables (ex and qx values) presented as an 
appendix to the volume. 

Christopher Tietze 



Old People. Report of a Survey Committee on the 
Problems of Ageing and the Care of Old People. 

Under the chairmanship of B. Seehokm Rowntree. 

The Nuffield Foundation, Geoffirey Cumherlege, Oxford 

University Press, London and New York. $1.50 

(paper), viii + 202 pp. 14 plates. 1947, 

One of the objects of the NufiSeld Foundation is the 
^'care and comfort of the aged poor.’^ To aid in im¬ 
plementing this object, a Survey Committee was ap¬ 
pointed to look into the problems of ageing and the 
aged, and to consider what has been done and what 
might be done to alleviate them. The Committee’s 
report, Old People, deals with the social status of the 
aged and with the measures being taken to improve it. 
That the information was obtained through leisurely 
interviews made by skilled field workers is reflected in 
the specific and detailed nature of the report. Almost 
half the book is given over to appendices presenting 
data relating to the questions raised by the text itself. 

The first chapter of findings, dealing with the in¬ 
comes of the old, reviews the development of public 
assistance and pension schemes in Great Britain. Un¬ 
der the National Insurance Act passed in 1946, 42s. 
weekly will be paid to a retired couple when the hus¬ 
band is past 65, Since this, as the report shows, is 
barely subsistence at present price levels, it is interest¬ 
ing that the sum, though diminished if the pensioner 
continues to earn, is increased when retirement does 
occur. The chapter on unemployment reveals that 
in 1945 a large majority of men between 65 and 75 were 
employed, except in the mining districts. According to 
employers, there are only a few industries in which 
places cannot be found that the elderly can fill as well 
as—^and often better than-~^young^ workers. The 


employment situation indeed seems better than the 
recreational situation, although one large club organ¬ 
ization is described which has done much to relieve the 
boredom from which old men suffer. 

The most depressing chapters are those that deal 
with housing conditions. Most of the elderly were 
found to be living under deplorable conditions, fre¬ 
quently without toilets or \vater. (But the evidence 
did indicate that the homes of the aged are not worse 
than those of younger members of the same classes.) 
Homes and institutions proved to be quite variable; 
but the number of well-staffed, w^eli-run institutions 
was found to fall far short of the demand. Numerous 
specific recommendations are made for improwng the 
housing and care of old people. 

One gathers that the situation of the dependent aged 
is neither substantially better nor worse in Britain than 
in the United States. Hence the Nuffield Report 
should prove to be a valuable sourcebook to those in 
this country who want information on the various social 
facets of the steadily widening problem of old age. 

Florence Moog 



Forecasts of the Population of the United States 
1945-1975. 

By P. K. Whdpton; assisted by Hope Tisdale ELdridge 
and Jacob S. Siegel; prepared under the supervision of 
Leon E. Truesdell. United States Department of 
Commerce, Bureau of the Census, Washington, D. C. 
45 cents (paper), vi 4- 113 pp.; ill. 1947. 

This is the fourth set of population projections or fore¬ 
casts for the United States prepared by the staff of the 
Scripps Foundation, the first set having been published 
in 1934. The computations underlying the present 
edition were for the most part completed in the fail of 
1945, a particularly unfortunate time for an undertaking 
of this nature. In the first place, the spectacular post¬ 
war ^‘baby boom” was still in the future, and as a re¬ 
sult even the projection based on the assumptions of 
‘'extra high” fertility, low mortality, and 200,000 immi¬ 
grants per year (Table VII) has been far surpassed by 
the actual course of events. More important, much 
of the criticism leveled in recent years against the con¬ 
ventional net reproduction rate and population pro¬ 
jections based on such rates had not yet been made, 
and none of the later improvements in technique {in¬ 
cluding certain very important contriburions by Whelp- 
ton himseM) were available. There can be no doubt 
that a fifth set of projections, if and when it is prepared, 
will be very different from its predecessors, although 
perhaps more in methodology than in the numerical 
results. 

The analyses of the causes of the long-term decrease 
in fertilty, of the short-term changes in birth rates, 
and of the impKcations of the expected trends in popu¬ 
lation'/"igrowth ' ^ui'd ^ composition', are" most ^hidd, "and 
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reasonable, and should be carefully read and studied by 
everyone interested in the demography of the United 
States. 

Christopher Tiet2e 



1948 Yearbook of Food and Agricultural Statis¬ 
tics. Including Notes in Spanish. Volume I. Pro¬ 
duction. 

Food and Agriadiure Organization the United 

States, Washington, D. C. $3.50 (paper), xviii + 

285 pp. 1949. 

This is a second volume of a series issued by FAO. Like 
the 1947 volume, it continues the statistical series on 
crops and numbers of livestock formerly published by 
the International Institute of Agriculture at Rome, 
Tables are presented showing area and production 
figures for the principal crops in the prewar period 
(generally 1934-38 averages) and in 1945, 1946, and 
1947. The livestock numbers given are for the latest 
prewar year. This edition of the Yearbook also carries 
on the work of the International Institute of Agricul¬ 
ture by giving a series of tables showing in detail, for 
specified countries, the utilization of land for crops 
and the output therefrom, together with detailed 
classifications of livestock numbers by sex and age 
groups, wherever these are available. New to this issue 
of the Yearbook is the introduction of tables containing 
information on total population by countries and on 
the number of persons engaged in agricultural occupa¬ 
tions. Tables have also been added on the production 
of condensed, evaporated, and dried milk. As a gen¬ 
era! rale, figures included in the tables of this Yearbook 
have been supplied by governments through special 
questionnaires, or have been taken from oflficial govern¬ 
ment publications. It is likely that more recent and 
more objective information regarding special agricul¬ 
tural commodities can be obtained from the office of 
Foreign Agricultural Relations of the United States 
Department of Agriculture. This office has its own 
sources of information, and it is believed that its figures 
are more nearly correct and up to date than those con¬ 
tained in such a publication as this, compiled from 
official sources. 

Robert L. Pendleton 



Freedom from Want: A Survey of the PossiUlUies of 
Meeting' the World^s Food Needs. A Symposium. 
Chronica Botanica, Volume 11, Number 4. 

Edited by E. E. DeTurk, with a foreword by Norris E. 
Dodd. Chronica Botanica Company, Waltham, Mass.; 
Skchert^Eafner, New York $2.00 (paper). Pp. 
207-283; ffl. 1948. 

In an introduction, Norris E. Dodd views the future 
with hope. “After ail/^ he says, “human understand¬ 


ing is itself a biological phenomenon and if it is given 
a chance to develop it is bound to make a difference in 
the way people act.’’ To the reviewer, notwithstand¬ 
ing these words, Salter seems over-optimistic in his 
estimates of the productive capacity of tropical regions 
which are as yet not producing any considerable quan¬ 
tity of food crops. He has made the mistake of judging 
the potential productive capacity of the soils of the 
tropics on the basis of crop production in the Philip¬ 
pines; but those Islands have much better than average 
tropical soils. Black emphasizes that freedom from 
want is only relative, and “relative” is a very broad 
term. He shows that as undeveloped communities 
and nations modernize their economies, the rate of 
population growth can be brought within more reason¬ 
able limits. Tolley contends that such results can be 
achieved with knowledge and effort of both the physical 
and the social scientists if pooled in a concerted world¬ 
wide effort. Quisenberry, in telling of what has been 
accomplished by increasing crop production in the 
more advanced countries, suggests the future possi¬ 
bilities in other parts of the world. Morrison compares 
the relative efficiency of various farm animals as food 
for humans and some other considerations bearing on 
increased production. McCall emphasizes the need 
for better, quicker ways of getting scientific knowledge 
about improved land use into widespread use on farms. 
It should be noted that these papers were presented in 
1946; and that FAO has an implied if not often stated 
date of 1960 for the time when world food supplies can 
be expected to catch up with the population. FAO 
seems to be silent about the more distant future, 
Robert L. Pendleton 



BIOMETRY 

Probabelity Theory for Statistical Methods. 

By F. N. David. Cambridge University Press^ Lon¬ 
don. $3.50. x-h 230 pp. 1949. 

In this treatise the author states and proves m mathe¬ 
matical language those propositions and theorems of 
the calculus of probability which should be useful for 
students of mathematical statistics. The professional 
statistician or biometrician will find this an interesting 
work mainly because of its basic treatment of such 
topics as the evaluation of binomial probabilities by 
the incomplete B-function ratio, Laplace’s theorem, 
the Poisson distribution, Bayes’ theorem, the Markoff 
theorem, and so on. The book is much too technical 
and mathematical for most students in the biological 
sciences, who are interested in statistics only as a tool. 
It should, however, be useful as coUaterai reading for 
the occasional, rare student who comes to Ms first 
course in statistics with an excellent background in 
calculus. 


A. Chafanis 
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Statistical Methods in Research. 

By Palmer O. Johnson. Prentice-Mall, New York. 

$5.00. xviii + 377 pp.; ill. 1949. 

TMs book, in tbe reviewer’s opinion, is one of the best, 
and very nearly one of the most complete, textbooks on 
statistical methods available to students of the bio¬ 
logical and beha\doral sciences. Especially noteworthy 
is its excellent and thorough treatment of the analysis 
of variance, covariance, and the small sampling tech¬ 
niques. Most of the problems and illustrative ma¬ 
terials are taken from the psychological literature. It 
is refreshing to find at last a textbook in this area which 
does not use agricultural experiments as examples. 

There is a chapter on the statistical analysis of data 
under non-normal assumptions and a good section on 
the use of transformations—two important topics 
which are treated lightly or not at all in many text¬ 
books. The two chapters on the design of experiments 
are considerably more comprehensible than similar 
discussions by British statisticians. American students 
have long needed a reasonably understandable dis¬ 
cussion of this highly important topic. There are, 
on the other hand, some rather conspicuous omissions 
in the book. Chi-square is given only a cursory treat¬ 
ment; and curve-fitting, a technique of great usefulness 
to the experimentalist, is not even mentioned. 

This is an advanced textbook. The author assumes 
that the student has already had a course in descriptive 
statistics, and he recommends “at least a background 
in calculus.” Even so, the text is considerably more 
difiScult than it ought to be. It is hard to escape the 
feeling that when the author could have said something 
in either of two ways, he invariably chose the more 
involved and difficult one. Nonetheless, it is a com¬ 
prehensive book, and it should be extremely valuable 
for those students who “can take it.” 

A. Chapanis 



Statistical Tables tor Biological, AGmcuLTcrRAL 
AND Medical Research. Third Edition Revised and 
Enlarged. 

By Ronald A. Fisher and Frank Yates. Oliver and 

Boyd, Edinburgh. 16s. viii + 112 pp. 1949. 
The Fisher-Yates Statistical Tables need no introduc¬ 
tion to statisticians and biometricians. The third edi¬ 
tion of these highly useful tables has been improved 
mainly by a number of additions to and extensions of 
the tables in the second edition. Thus, 10 per cent 
points of z and e?® have been added, orthogonal poly¬ 
nomials are now available for values of n' from 53 to 75, 
and the table of natural logarithms has been extended. 
Five other tables have been revised to increase their 
usefulness. One new table, giving the modified probit 
weighting coefficients necessary for dosage mortality 
tests involwig deaths among controls, has been added. 

A. Chapanis 


DE OMNIBUS REBUS ET QUIBUSDAYI ALUS 

The Royal Society Empire Scientific Conference, 
JuNE-JuLY 1946. Volumes I and II. 

The Royal Society, London. £2 2s. Od. (I) 828 pp. 

1 plate + 4 maps -+■ 8 charts; text ill. (II) 707 
pp. 4- 1 map; text iU. 1948. 

This conference was held in London, Cambridge, and 
Oxford. Many of the leading scientists of the Empire 
presented papers which epitomized the work and prog¬ 
ress in their respective fields in Great Britain or in their 
dominion or colony. Since space forbids even giving 
the titles of these papers, the subjects covered can best 
be indicated by the topics of the morning discussions: 
(a) a survey of some outstanding problems in agri¬ 
cultural science in the Empire; (b) a survey of some out¬ 
standing problems in medical science; (b-1) discussion 
of the physiological and psychological factors affecting 
human life and work under tropical conditions and in 
industry, (b-2) the etiology and control of infectious 
and transmissible diseases, particularly those which are 
insect-home; (c) the present state of the science of 
nutrition with particular reference to the special prob¬ 
lems of the Empire, including the nutritional status of 
the indigenous peoples of the Colonies; (d) modem 
methods of mapping and exploration by air, including 
the use of radio technique in ordnance survey, with 
special reference to particular parts of the Empire; 
(e) measures for improving scientific information ser¬ 
vices within the Empire, the subjects discussed includ¬ 
ing indexing, abstracting, special libraries, and micro¬ 
films; (f) methods of improving the interchange of 
scientists throughout the Empire, including a discussion 
on the future of the scientific liaison offices that have 
been established during the war; (g) Empire coopera¬ 
tion in the scientific field with existing and projected 
international organizations; (h) measures which might 
be taken to secure greater uniformity in physical stand¬ 
ards of measurement and the use of units, terms, and 
S3nnbols; (i) the collection and interchange of scientific 
records and experimental material, including the safe¬ 
guards that will have to be taken to minimize the risk 
involved in the distribution of plants, seeds, and ani¬ 
mals; (j) the problems of land utilization and conserva¬ 
tion throughout the Empire, bringing together the 
various factors affecting land utilization and conserva¬ 
tion including forestry, soil erosion, irrigation, etc.; 
(k) the need for a coordinated survey of the mineral 
resources of the Empire and for operations on a much 
larger scale than hitherto; (1) the natural products of 
the Empire and the chemical industries that are or 
might be based on them; (m) post-war needs of funda¬ 
mental research; (n) an all-African organization for the 
coordination of scientific work within the African Con¬ 
tinent, Fortunately these volumes have relatively 
detailed indices which make it possible to discover and 
to refer to much of the enormous range of information 
contained in them. 

'' Robert ' L. Pendleton 
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Student’s Handbook of Science. 

By Bet’mrd Udane and Herman W. Gillary. Freder¬ 
ick Unger Publishing Company^ New York. 75 

cents; 60 cents per copy for ten or more (paper). 

208 pp.; ill 1948. 

This book bas been prepared by two science teachers 
in the Forest Hills High School in New York City to 
meet the need for guidance of science students. Paul 
Brandwein, Chairman of the Science Department in 
this school, says in the Foreword: “This little book 
should be in the hands of every science student—not 
because all science students are to be scientists but 
because all of them need to know whether they are 
fitted for a science career, whether they are getting the 
most out of their work in science, whether they can 
improve their study habits, and how science can con¬ 
tribute to their enjoyment of living,” Not only will 
this book be of great service to the science student, it 
should also be an invaluable aid to the busy teacher 
because it will ofier guidance which w'ould require hours 
upon hours of the teacher’s time to render to each 
individual student. Furthermore, this guidance will 
be from experts who have placed more winners in the 
annual Westinghouse Science Talent Search than any 
other single group of teachers in the nation. 

The book is divided into four parts: I) How You Can 
Prepare for a Career in Science; II) How You Can Get 
a Good Start in Your Science Career; III) How You 
Can Be a Better Science Student; IV) How You Can 
Develop Your Science Interests at Home. 

Part I lists 100 vocations related to science and 56 
publishers of pamphlets on these vocations. Aptitude 
tests and scholarships are also discussed in detail. 
Parts II and III show the student how to plan his 
program in detail, how to make drawings and take 
notes, how to make a science report, how to carry on 
many extracurricular science activities, how to keep 
a good notebook, how to use the library, how to keep 
abreast of science news with current science magazines, 
etc. Part IV will help any interested students to de¬ 
velop a science hobby even though they may not be 
planning to enter upon a science career. Hobbies dis¬ 
cussed include: nature study, bird watching, ento¬ 
mology, plant studies, microscopy, photography, as¬ 
tronomy, geology, meteorology, radio, and several 
more. This Part concludes with chapters on purchas¬ 
ing science supplies and building a science library. 
The Appendix gives information on culturing and car¬ 
ing for laboratory organisms, oh taxonomy, a table of 
dements, common formulas, temperature scales, equa¬ 
tions, and other useful material. Busy teachers and 
interested students owe a real debt to these authors 
for making available at last a useful and wett organized 
book of this kind, 

, ■ . . ' 'Ebua ' Thea, Smith ^ ■ 


Pnficis DE Microscopie: Technique, Experimentation^ 
Diagnostic. Seventh Edition. 

By M. Longeron. Masson et de., Paris. 2600 fr. 

viii -f 1430 pp.; ill 1949. 

There is no single equivalent written in the English 
language to M. Langeron’s standard French work on 
all aspects of biological laboratory technique which 
involve the use of the microscope. The book consists 
in reality of three sections which are largely indepen¬ 
dent. The first of these (353 pages) deals with the 
optical and mechanical principles of the microscope, 
with chapters on special topics such as dark-ground 
illumination, phase-contact and ultra violet microscopy, 
micromanipulation, photomicrography, camera-lucidas, 
etc. This part of the book, with certain reservations 
to be noted later, is very well done, the theoretical sec¬ 
tions on the optical principles of the various methods 
being interspersed with practical hints, written from 
the standpoint of a laboratory scientist who really 
knows how to get the most out of the equipment he uses. 
Naturally, the instruments described and figured are 
almost exclusively those provided by European manu¬ 
facturers, the microscopes of Zeiss and Stiassnie (Paris) 
being conspicuous. This does not detract in any way 
from the value of the theoretical discussion to American 
readers, but a good many of the practical hints are 
hardly applicable to the equipment used in American 
laboratories. The sections on phase-contrast and 
electron-microscopy are somewhat weaker than the 
rest of tliis section of the book, being written from the 
standpoint of pure theory rather than from that of 
practical experience. Even here, however, the theo¬ 
retical discussions are admirably clear and easy to fol¬ 
low. The chapter on micromanipulators is devoted 
largely to a description of the instrument of de Fon- 
brune, a very superior type qf microdissection appara¬ 
tus developed recently in France, and one which should 
be more widely known and used in this country. In 
contrast to this, the chapter on photomicrography is a 
complete disappointment, since the author appears to 
suffer from the curious delusion that the only way to 
get good photomicrographs is to use a “Universal 
Microprojector” invented by a certain Dr. Leroux 
(there is no mention of the many types of excellent 
photomicrographic cameras manufactured in this 
country and in pre-war Germany). 

The second section of the book (400 pages) deals 
with histological technique. In a genera! way this 
corresponds to the well-known “Microtomist’s Vade- 
Mecum,” but the principles underlying the methods are 
much more fully explained. The chapters dealing with 
section-cutting are as concise and clear as those in the 
first part of the book, and the techniques recommended 
for fixation and staining are not so very different from 
those in general use in this country. 

The third part of the book is entitled Special Meth¬ 
ods. It deak with techniques suitable for the micro- 
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scopical study of all types of organisms from amebas 
and bacteria to tbe Mgber animals and plants—there is 
even a paragraph on special histological methods for 
studying the tissues of mummies. This part of the 
book is especially aimed at the medical reader, par¬ 
ticular attention being devoted to methods used in 
parasitology, hematology, and even in medico-legal 
practice. The section on entomological techniques 
deals in considerable detail with the insects which are 
important in medical entomology, methods for rearing 
mosquitoes, lice, and fleas being fully explained. Histo- 
chemical reactions receive a very adequate treatment. 
Cytological techniques used for the study of the cyto¬ 
plasm are fully described, but the section on chromo¬ 
some cytology is completely inadequate and so brief 
as to be almost unintelligible. 

In many respects ‘Tangeron” has an antique flavor, 
coming from a country where many modem aids to 
scientific work are unknown or unobtainable. To 
members of the French medical profession (especially 
those working in the isolation of the French colonies) 
it must be an invaluable work. To those of us for¬ 
tunate enough to be working in well-equipped American 
laboratories (and who necessarily rely largely on hand¬ 
books and instruction manuals supplied by the makers 
of the instruments we use) it will be less useful. But 
almost ever}?- working biologist could find much valu¬ 
able and pertinent technical information in this most 
comprehensive w’ork. 

M. J. D. White 



The Oeigin oe Meoical Teems. 

By Henry Alan Skinner. The Williams & Wilkins 

Company^ Baltimore. $7.00. viii 4- 379 pp. 1949. 
Quite a number of books try to bridge the gap between 
the continuous necessity of using a special terminology 
and the ever increasing illiteracy of our students. There 
are the big medical dictionaries with innumerable short 
references to all possible terms. There are also the 
more deteiled books on anatomical nomenclature, 
which does seem to be more of a problem to the student 
than the rest of medical terminology, primarily be¬ 
cause he clashes with it first. Skinner^s dictionary is 
superior to many other attempts in the same direction 
because it includes all medical terms, and not only the 
anatomical ones. Furthermore, it tries to explain not 
every term or name, but restricts itself to the essential 
ones, giving them in exchange a more thorough treat¬ 
ment. The book is factually sound, well selected, and 
well written. The occasional inclusion of such proper 
names as were not used for epon 3 uns or whose owners 
were not of decisive importance in the history of medi¬ 
cine (like Alhazen, Amuzat, Baiard, Bellini, Beren- 
garius, etc.) seems superfluous. The studmt can look 
up such names in current medical history reference 


books, like those by Garrison or Mettler, Medical 
students and doctors will consult this volume with 
profit as well as pleasure. 

Eewin H. Ackeeknecht 



Blakiston^s New Gould Medical Bictionaey, A 
Modern Comprehensive Dictionary of the Terms Used in 
All Branches of Medicine and Allied Sciences^ Including 
Medical Physics and Chemistry^ Dentistry^ Pharmacy^ 
Nursing, Veterinary Medicine, Zoology and Botany, as 
Well as Medicolegal Terms. 

Edited by Harold Wellington Jones, Normand L. 
Hoerr and Arthur Osol; with the cooperation of an 
Ed^ial Board and Eighty Contributors. The 
Blakiston Company, Philadelphia and Toronto. 
$8.50. xxviii 4* 1294 pp. 4“ 45 plates. 1949. 
Stedman’s Medical Bictionaey of Words Used in 
Medicine With Their Derivations and Pronuncialion 
Including Denial, Veterinary, Chemical, Botanical, Elec¬ 
trical, Life Insurance and Other Special Terms; Anatom¬ 
ical Tables of Titles in General Use, the Terms Sanctioned 
by the Basle Anatomical Convention; the New British 
Anatomical Nomenclature; Pharmaceutical Preparations 
Official in the U. S. and British Pharmacopoeias or Con¬ 
tained in the National Formulary; and Comprehensive 
Lists of Synonyms; Biographical Sketches of the Principal 
Figures in the History of Medicine. Seventeenth Revised 
Edition With Etymologic and Orthographic Rules. 

Edited by Norman Burke Taylor; in coUahoraiion with 
Allen Ellsworth Taylor. The Williams & Wilkins 
Company, Baltimore. $8.50 (with thumb index); 
$8.00 (without thumb index), xliv 4- 1361 pp. 4- 
6 plates; text ill. 1949. 

Advances in every branch of medicine and the basic 
sciences related to it have enlarged the terminology 
whereby these advances are described. New words 
and new meanings for old words have never been coined 
so abundantly as in recent years. New, up-to-date 
dictionaries are essential for anyone who would be ac¬ 
curately informed concerning things medical. These 
two dictionaries are intended to fulfill this purpose. 

The Nm Gould Medical Dictionary, stated 

to be a first edition, is the successor of the original 
Gould publi^ed in 1890 and followed by nine new 
editions, including this one, four of them labeled 
‘‘first.” Eighty contributors aided the three chief edi¬ 
tors. Special tables of arteries, enzymes, vitamins, 
and monstrosities are includedl. An atlas of 252 illus¬ 
trations, 129 in color, deals mainly with anatomical, 
blood, bacterial, and parasitological subjects. An ap¬ 
pendix of 135 pages includes tables dealing with data 
anatomic, blood, dietary, eMymic, hormonal, vitamin, 
thmpeutic materia medica, etc. An earnest effort to 
follow the best etymolbgic4 practices is claimed by the 
editors. They' haye> they Say,;4*d!lgwtly' :searched 
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recent professional literature not only for new terms 
but also for evidence of the changes in usage which they 
felt were evident today.... More than three hundred 
standard modern texts reflecting current usage and 
nomenclature in all the basic fields of medicine, surgery 
and the biologic sciences as well as recognized journals, 
yearbooks and standard indexes of many specialties 
were critically and systematically examined.’^ Bio¬ 
graphical sketches of contributors to medical science 
and literature are given throughout the text. 

In the new Stedman^s Medical Dictionary^ the editors 
have endeavored to delete “dead wood,” revise out¬ 
moded definitions, and add new ones. Trade names 
have been deleted. In this edition, short biographical 
notes on the principal figures in the history of medicine 
are included in appropriate definitions of diseases, pro¬ 
cedures, or discoveries. An appendix deals mainly 
with a comparative list of anatomical terms (Latin, 
and Anatomical Society of Great Britain), 
'weights, measures, temperature scales, etc. Line 
cuts, half-tone, and color inserts are found generously 
throughout the text. 

In evaluating a dictionary, a reviewer must do so in 
the field of his own particular competence. With this 
limitation, a careful comparison of these two volumes 
had been made with respect to the physiology of re¬ 
production and gynecic physiology. It was reassuring 
to find an exceedingly high degree of accuracy in the 
new Stedman’s. This was not true, repeatedly, in the 
case of the New Gould, A few examples will suffice to 
illustrate the point. Alphaestradiol is defined simply 
as estradiol. Under estradiol^ alphaestradiol is correctly 
listed as “the active isomer of estradiol.” The three 
indicated pronunciations for estradiol will leave the un¬ 
initiated at a loss as to which is common or preferred. 
Progestin is incorrectly stated to be a trademark name 
for a brand of progesterone. The name progestin was 
agreed upon by a Committee of the League of Nations 
to be reserved for all tissue extracts having demonstra¬ 
ble progestational activity. The value and wisdom of 
including progestone and progestoral as trademarked 
names of proprietary preparations is questionable. 
Pfogestatioml is stated quite incorrectly to be obsolete; 
progrmid^ it is said, is now preferred. These are but a 
few of numerous similar points that were noted in 
perusing this dictionary for one evening. 

With respect to biographical references, both dic- 
taonaries leave something to be desired. In the first 
place, a definite poHcy should be adhered to with re¬ 
spect to the inclusion of biographies. Thus, the New 
Gould gives a sketch of Vlsscher of the Visscher-Bow- 
man pregnancy test (a test little used nowadays), but 
not of Bowman, No sketch is given of Friedman, al¬ 
though this test is still one of the most 'widely used tests 
for pr^ancy. Lapham, of the Friedman-Lapham 
test, is not mentioned. Again, sketches of Ascheim 
and Zpnd^ are given, but none of Smith and Engle, 


whose discoveries with respect to gonadotrophic hor¬ 
mones are no less important than, and were concurrent 
with those of the former investigators. In Stedman’s, 
two mistakes in the names of living individuals were 
found in the first six that were looked up. The merit 
of such references in either dictionary appears dubious, 
to say the least. 

S. R. M. Reynolds 



A Mencken Chrestomathy. 

Edited and annotated by H. L. Mencken. Alfred A. 

Knopf j New York. $5.00. xvi -f 627 pp. 1949. 

It is said that some Baltimore mothers used to threaten 
their misbehaving children', not with the usual bogey¬ 
man, but with “Mencken will get you if you don’t be 
good!” I also have it, and on equally good authority, 
that such treatment, depending of course on the con¬ 
stitution and age of the infant, could interfere with its 
normal feeding process, thus leaving the child with a 
feeling of insecurity. This, in turn, could result in 
memory impressions that would ultimately make the 
unconscious a dynamic center of psychic energy rather 
than a bin of harmless impressions. This, as probably 
everyone knows, can produce an anxiety, and if re¬ 
peated frequently enough, can establish at a very early 
age definite psychopathology. Some students of the 
subject, particularly those prone to premature con¬ 
clusions, hold that such a series of events accounts for 
what they loosely describe as the “Baltimore Neurosis.” 
To attribute this psychic manifestation, especially one 
of such a broad nature, as being solely due to the fact 
that some children were frightened by the threat of 
Mencken is, I think, an oversimplification of the prob¬ 
lem. I know of a case where an older son was required 
to mind his younger brother during their parents’ ab¬ 
sence. Oftentimes he put him to sleep by reading aloud 
Mencken’s In Defense of Women. The fact tliat the 
young one turned out to be a clinical endocrinologist 
speciaHzing in male sterility would only be offered as 
supporting evidence for the above hypothesis by those 
so biased that they regard clinicians in any form as 
individuals with warped or hysterical personalities. 
I view with alarm such facile generalizations, on the 
ground that it gets us nowhere. 

A second consideration bearing on the general ques¬ 
tion of H. L. Mencken and his ideas is his education, or 
rather lack of one. It is amazing to some that so many 
people accept as the absolute truth everything coming 
from Mencken, despite the fact that the man has no 
Ph.D., no M.A., not even an A.B. degree. A deficiency 
of this magnitude certainly disqualifies him as an 
authority on questions secular, sacred, or scientific. 
Furthermore, and he openly boasts of it (p. 132), he 
never went to college! This lack of a university edu¬ 
cation shows up strikingly in his comments on a wave 
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of suicides that occurred among college students back 
in 1927. I quote: 

“What I’d like to see, if it could be arranged, 
would be a wave of suicides among college presidents. 
I’d be delighted to supply the pistols, knives, ropes, 
poisons and other necessary tools. Going further, 
I’d be delighted to load the pistols, hone the knives, 
and tie the hangman’s knots. A college student, 
leaping uninvited into the arms of God, pleases only 
himself. But a college president, doing the same 
thing, would give keen and permanent joy to great 
multitudes of persons. I drop the idea, and pass 
on.” (p. 133). 

I am quite sure that if Mr. Mencken had spent even 
one semester in college, he would never entertain such 
ideas. I am equally sure that even in his freshman 
year he would have realized that all, well, practically 
aU, college presidents have been picked primarily for 
their scholarship, ability, and integrity. Furthermore, 
if he showed any capacity for observation, he would 
very quickly see that all, w^ell, practically all, of the 
faculty hold college presidents in the highest regard, 
and they would probably not derive any keen and per¬ 
manent pleasure from such mass suicides (though it 
may be of great interest to those academically con¬ 
cerned with the phenomena of mass physiological and 
psychological behavior patterns). 

Another example of Mencken’s faulty education is 
his suggestion to abolish all the sorrows of the world 
by the . simple device of getting and keeping the 
whole human race gently stewed.” (p. 389). This idea, 
pleasant though it may be, is fraught with many difih- 
culties, principally of a technical nature. If Mencken 


had gone to college and taken courses designed for the 
education of the Scientific Generalist (see Science 109: 
553. 1949), it is probable that he would have been 
capable of ofi^ering some concrete methods on how this 
condition could be brought about. His simple sugges¬ 
tion that this can be accomplished by impregnating the 
air with alcohol and, with no further ado, leaving all 
the technical details to be worked out by men “skilled 
in therapeutics, government and business efficiency” 
is typical of the ignorant, and reminds many of the 
professional promoters of societies that promise, on the 
morrow, cures for cancer, polio, and other chosen dis¬ 
eases. Furthermore, the suggestion of using grain 
alcohol shows a complete disregard for individual varia¬ 
tions in taste and ignores the fact that there are large 
groups who prefer blended distillates from Scotland. 
This narrow, undemocratic, and antisocial attitude is 
said to be t 3 rpical only of those individuals who did not 
go to college. 

It is highly probable that a college education -would 
improve Mencken. If going to college is not possible 
for him, attendance at a good junior college, or maybe 
even Yale, would help. Had he done this in his earlier 
years, he would have altered many of the ideas that he 
sets forth in his Chrestomathy (which, as practically 
every college graduate know^s, means a collection of 
choice essays). 

It is customary, when a reviewer is greatly pleased 
with a book, to recommend it highly for the considera¬ 
tion of readers. This must be deferred until it is deter¬ 
mined whether such action in this case makes one liable 
under Maryland’s anti-subversive laws. 

David B. Tyler 
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SPECIATION IN ANCIENT LAKES 

(Concluded) 

By JOHN LANGDON BROOKS 
Osborn Zoological Laboratoryy Yale University 


SPECLA.TION IN THE AERICAN RIET LAKES 

O NLY two lakes existing today re¬ 
semble Baikal in both morphology 
and magnitude. These are the Afri¬ 
can Rift Lakes, Tanganyika and 
Nyasa. As the fauna of each is known 
to include species flocks, these lakes are also of 
immediate concern to us. 

Descfiptiofi of Lakes Tanganyika and Nyasa 

Like Baikal, Lakes Tanganyika and Nyasa each 
occupy tectonic troughs and all have many similar 
features. Ail are very long and narrow. The long 
axis of Tanganyika measures 650 km., whereas 
that of Baikal is 675 km. Their areas and therefore 
their average widths are practically identical 
(Halbfass, 1928). Nyasa is shorter, 580 km. in 
length, but about as wide, with an area of 25,000 
sq. km., according to Gillman (1933). Baikal, 
Tanganyika, and Nyasa are respectively the 
seventh, eighth, and ninth largest in area of the 
lakes of the world (Halbfass, 1937). 

A bathymetric map of Tanganyika was pub¬ 
lished by Stappers in 1914. Rhoades^ map of 1902 
is the only one available for Nyasa, (Stappers’ map 
is reproduced in Beauchamp, 1939, and in Poll, 
1946.) 

In Tanganyika the maximum depth which has 
been found is 1435 m., proving this to be the second 
deepest lake in the world. Tanganyika is separated 


into two major basins by a ridge joining the large 
peninsulas jutting into the middle part of the 
lake. The position of the ridge is indicated by the 
arrows in Fig. 6. Dr. Max Poll, of the Congo 
Museum, Tervuren, has graciously informed me in 
personal communication that echo-soundings made 
by Dr. A. Copart, oceanographer of the recent 
Belgian expedition to Tanganyika, indicate that 
this ridge between Kungwe and Albertville has a 
mean lower depth (“profondeur moyenne in- 
Mrieure”) of 500 m. At one of Stappers’ soundings 
the ridge was within 136 m. of the present surface. 
The southern basin is the larger, and the maximum 
depth was found somewhat south of its middle. 
The maximum depth recorded from the central 
basin is 1277 m. The greater part of the bottom of 
the third, much smaller basin which forms the 
northern tip of the lake is about 200 m. below the 
surface. The only major irregularity in the present 
Tanganyika coastline is the J-shaped Ubwari 
Peninsula which juts from the west shore at the 
northern end of the lake and separates the northern 
from the central basin. The long arm of the penin¬ 
sula runs northward parallel to the shore and en¬ 
closes the relatively shallow (to about 200 m). 
Gulf of Burton. 

Nyasa is not as deep as its northern sister, rank¬ 
ing as fourth deepest of the world’s lakes, with a 
maximum depth of 706 m. (Halbfass, 1937), 
Most of the bottom in the southern half of Nyasa 
is between 100 and 350 m, below the surface, 
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while in the northern half most of it is deeper than 
300 m. There are no indications of submerged 
ridges subdividing the lake basin. 

Although these two African lakes are morpho¬ 
metrically similar to Baikal, the dissimilarity of 
their thermal properties causes a markedly differ¬ 
ent distribution of life within them. The difference 
in latitude between Baikal and these two lakes, 
which lie between 3°S. and i5°S. at elevations of 
less than 800 m., is the primary cause of the dis¬ 
similarity. A brief discussion of the physics and 
chemistry of Tanganyika and Nyasa must there¬ 
fore precede a consideration of their biotas. The 
only satisfactory hydrological study of these lakes 
on which such a study can be based is that done by 
Beauchamp in the late 1930^s and published in 
1939, 1940, and 1946. 

The temperature of both Tanganyika and Nyasa 
is permanently above 4°C. and the deep layers are 
stagnant, cut off from the freely circulating upper 
layers, and therefore without oxygen. The waters 
of Tanganyika below 300 m. are always at 23.1°C. 
During the summer the upper 60-meter layer 
reaches a temperature of 25.75°C. At the bottom 
of this freely circulating layer, or epHimnion, the 
temperature drops rapidly with increasing depth. 
Between 60 and 80 m. it drops from 25.75 to 
23.75°C. This water level of rapid temperature 
change with depth in a stratified lake is called the 
thermocline. The depth of the thermociine varies 
between 40 and 100 m. in different parts of the 
lake. A lake is stratified if the buoyance of the 
warmer upper layers is so great that the wind 
cannot push this lighter water into the denser, 
cooler water below, thereby mixing them. The 
density difference between water at 26°C, and 
that of water at 23'’C. is as great as that between 
waters of 16^C. and lO'^C. Below 80 m. the tem¬ 
perature drops slowly to the minimum, 23.1°C., 
at 300 m. Tanganyika is stratified for eleven 
months of the year. The surface waters lose heat 
during the winter, becoming less buoyant and 
capable of being submerged by the wind to greater 
depths. At the time of maximum mixing the tem¬ 
perature drops steadily from 25'^C. at the surface 
to 23.7®C. at a depth of 125 m. From this depth 
down to 3(X) m. the temperature slowly decreases 
to 23.i°C. The surface waters at 25®C. are still 
sufficiently less dense than the deep waters just 
above 23®C., so that the wind cannot mix them. 

The vertical distribution of dissolved oxygen 
within the upper ICX) meters of water is seasonally 


variable, but below this depth the water is always 
devoid of oxygen. During stratification the epilim- 
nion contains 7 p.p.m. O 2 —85 per cent saturation. 
A few meters below the bottom of this circulating 
layer the water is 0X3?'gen-le3s. This sets a sharp 
lower limit to the distribution of aerobic organisms 
during this period. the time of maximum mix¬ 
ing the osy’-gen content drops rapidly from 7.5 
p.p.m. at the surface to one third of one p.p.m. at 
90 m. This rapid diminution in O 2 concentration 
with increasing depth within the freely circulating 
waters is due to the mixing of water oxygenated at 
the surface with the oxygen-less water between 60 
and 100 meters. This means that for organisms 
living in the upper 60 meters less oxygen ’will be 
available in the months of mixing than during the 
period of stratification. For example, tlie open 
waters at a depth of 50 m. contain 7 p.p.m. O 2 
in the summer and only 4 p.p.m. in the winter. At 
70 m,, on the other hand, no oxygen is available 
during stratification, and at the time of maximum 
mixing the oxygen concentration has only reached 
3.5 p.p.m. 

The thermal regime of Nyasa is sufficiently dif¬ 
ferent from that of Tanganyika to merit individual 
treatment. The water below 300 m. is isothermal 
but one degree cooler than the Tanganyika mini¬ 
mum. The surface waters reach a temperature of 
27®C., over one degree warmer than Tanganyika. 
During this period of stratification the drop in 
temperature at the bottom of the epiliminion is 
less abrupt here, but the thermocline is well 
marked. Between 40 and 65 m. the temperature 
drops from 26.3'^C. to 23.7°C. It drops at an ever 
decreasing rate below this depth to the minimum 
at 300 m. At the time of its maximum the freely 
mixed layer, isothermal at 23.3°C., is 100 m. 
thick. 

The more extensive mixing of the waters of 
Nyasa is attributed by Beauchamp to the winds 
playing over the lake, which are not only stronger 
than those on Tanganyika but also more variable 
in direction. The latter circumstance is of con¬ 
siderable significance because of the greatly in¬ 
creased turbulent mmng of the upper layer of the 
h 3 ?polimnion induced by the changes in the rate 
and direction of fiow of the water at the bottom of 
the epiiimnion. 

This induced turbulent mixing of the water be¬ 
tween, 60 and 2CM) m. results in a vertical distribu¬ 
tion'of oxygen quite different from that m Tan- 
, ganyika. The epilimnian 'contaim about'6' p.p.m. 
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O 2 during summer stratification. Below 60 m. the 
concentration gradually drops to very near zero 
at 200 m. Water at a depth of 150 m. contains 
3,5 p.p.m. O 2 under these conditions. At the maxi¬ 
mum mixing the upper 100 m. have over 6.5 p.p.m. 
of dissolved oxygen, and at 150 m. there are 5.5 
p.p.m. Below this depth, however, O 2 concentra¬ 
tion drops rapidly to 1 p.p.m. at 200 m. Traces can 
be found as deep as 275 m. At a depth of 180 m. 
there are 2 p.p.m. O 2 present in the open waters 
throughout the year. Thus the depth to which 
aerobic organisms in Nyasa can descend is much 
greater than in Tanganyika. 

As both Tanganyika and Nyasa are situated on 
the boundary between subarid and subhumid 
regions, there is reason to believe that in prehistoric 
times, as in the past century, the lakes have al¬ 
ternately possessed and lacked outlets, depending 
upon the water level (Gillman, 1933). Tanganyika 
is nearer to the subarid region, and it is a bit 
surprising that the accumulation of solutes in its 
water is not greater than it is. The salt concentra¬ 
tion is 400 p.p.m. (Beauchamp, 1939). There is no 
evidence that either the total concentration of so¬ 
lutes or the proportion of the ions has had any 
important effect on the lake’s biota, either by the 
exclusion of any faunal elements or by influencing 
the process of speciation. Beauchamp’s suggestion 
(1940) that large amounts of potassium and mag¬ 
nesium may have caused the development of some 
of the species peculiar to the lake is very improb¬ 
able. The water of Nyasa is more like that of 
Baikal in its low salt concentration. 

The Nyasan Fauna 

The dominant elements of the Nyasan fauna 
are fish and molluscs, according to Moore (1903). 
Less conspicuous but exceedingly numerous are 
chironomid larvae whose adults form huge clouds 
over the surface of the lake at certain times of 
the year. As these emergences usually occur just 
after the period of the mixing of oxj^^genated water 
to greater depths, it is reasonable to assume that a 
large part of the population of chironomid larvae 
lives in relatively deep water (Beauchamp, 1940). 

The taxonomy of the gastropod and pelecypod 
molluscs of Nyasa has long been in a chaotic state, 
and no modern revision has been made. Pilsbry and 
Bequaert (1927) have provisionally assigned most 
of the snails of Nyasa to the genus Melanoides^ a 
group widely distributed throughout the tropics 
of the Old World. It is almost impossible to ascer¬ 


tain the number of species in this flock, although 
Cunnington (1920) has concluded that there are 
seven endemic species. The pelecypods are repre¬ 
sented by seven endemic unionids and four en¬ 
demic mutelids (Cunnington), but their generic 
status is uncertain. 

The taxonomy of Nyasan fishes has been exten¬ 
sively studied. Recently Trew^avas (1931, 1935) 
has revised the cichlids, and Worthington (1933) 
has brought out knowledge of the other families up 
to date. Ricardo-Bertram, Boriey, and Trewavas 
(1942) introduced slight modifications into the 
cichlid taxonomy, according to Poll (1946), but 
their paper was not available to this reviewer. 
The systematic distribution of the Nyasan fishes is 
summarized in Tables 4 and 5. 

The cichlids have speciated out of all proportion 
to representatives of other families. There are 174 
endemic cichlids in Lake Nyasa, all but five of 
which are related to HaflochromiSj a genus also 
found in other African freshwaters. One hundred 
and one are placed in this genus; the more diver¬ 
gent species are distributed in 20 endemic genera. 
Many species of this flock have a characteristic 
color pattern rarely seen in non-Nyasaii species. 
Regan (1922) stated: '‘The indications are that 
the endemic Nyasa cichlids have originated in the 
lake from about half-a-dozen ancestral forms.” 
All but a single species of Eaplochrmnis (H. callip- 
ferns) are closely related and undoubtedly form a 
species flock together with several monotypic 
genera created for highly divergent species whose 
Haplochromis affinities are still evident (Regan, 
1922; Trewavas, 1935). The 24 species of Lethrinops, 
all of which feed on bottom-living insect larvae, 
constitute another species flock. The 23 species 
which are abundant among the rocks on the rocky 
stretches of shore, and which Trewavas (1948) 
has called rockfish, are clearly related to each other, 
although placed in nine genera (Pseudotropheus (11), 
Pefrotilapia (1), Cyafhochromis (1), Cymtilapia (1), 
Laheotropheus (1), Christyella (i), Melanockromis 
(5), Genyochromis (1), LaMdochromis (1), fbrming 
a species flock). The eight members of Rhampho- 
chromis are open-water predators (Trewavas, 1948). 

The five endemic Nyasan cichlids not related to 
Haplochromis belong to the non-endemic genus 
Tilapia, but constitute an indisputable species 
flock, as Trewavas has shown. In her 1948 paper, 
Trewavas emphasized the inapplicability of 
Mayr’s hypothesis of multiple invasion in explain¬ 
ing the origin of these Nyasan species flocks. 
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The cyprinid genus Barbus^ with eight endemic 
species, is the only large non-cichlid species asso¬ 
ciation, part of which may represent a species 
flock which has developed within the lake from a 
single stock. However, the presence of six non¬ 
endemic species of Barbus in Nyasa makes it 
necessary to consider the possibility of multiple 
invasions as an explanation of the endemic as well 
as the non-endemic species. This is discussed 
subsequently. 

Development of Lake Nyasa and origin of its fauna 

Two differences between Lakes Baikal and 
Nyasa are apparent. First, the paucity of animal 
groups in Nyasa compared with Baikal is striking. 
Second, most of the Nyasa populations judged 
specifically distinct are still sufficiently like their 
relatives outside the lake to be retained m non¬ 
endemic genera. Only among the cichlid fishes are 
there endemic genera, although about half of the 
species of fish of other families and ail of the gastro¬ 
pods and peiecypods are endemic. This contrasts 
with the Baikalian fauna, of which only a few 
endemic species of fish exhibit sufficient relation¬ 
ship to non-Baikalian species to be placed in the 
same genera. 

The explanation of the lack of divergence of 
the Nyasan fauna from that of the common fauna 
of African freshwaters is to be sought in the de¬ 
tails of development of the lake basin. Most of our 
knowledge of the geological history of Lake 
Nyasa is based on the work of Dixie, who has 
investigated this region over the past twenty 
years. In his opinion Lake Nyasa had its origin in 
a small lake in the northern part of the present 
basin. Here three series of deposits, in part lacus¬ 
trine, are exposed w^ell above the present lake 
level. The mammalian fossils of the middle 
(Chiwando) beds contained mastodon and hippo¬ 
potamus remains (Hopwood, cited in Dixie, 1927), 
and on this evidence Dixie (1941) has placed the 
origin of Lake Nyasa about Middle Pleistocene. 
As the length of the Pleistocene is estimated at one 
million years on the basis of radioactive determina¬ 
tions (Zeuner, 1946), the age of Lake Nyasa is of 
the order of 500,000 years. Similar estimates have 
assigned 70 million years to the Cenzoic, so that 
Lake Baikal is of the order of 50 million or more 
years old, at least ten times as old as Nyasa. 

The original, small Lake Nyasa is believed by 
Dixie to have stood some 750 meters above the 
present lake level. Through faulting and erosion its 


level was lowered by stages and it elongated south¬ 
ward. Downthrusting of the southern half of the 
present basin resulted in the extension of the lake 
to its present southern limits. 

According to the interpretation of Dixie (1939), 
the Nyasa-Shire trough was a valley as long ago as 
early Cretaceous, and apparently was part of a 
drainage system of which the modern Zambesi is 
the direct descendant. This is in accord with the 
zoogeographic evidence, for the affinities of the 
fish in Nyasa are all with the Zambesi and the 
rivers of East Africa, with no indication of affinity 
with the Congo Basin. 

The six species of molluscs which Connelly was 
able to find in the fossil material from the Chi¬ 
wando beds are in no wise remarkable, as they 
are forms still widely distributed in African fresh¬ 
waters (Connelly, cited in Dixie, 1927). 

The harpacticoid copepod genus Schizopera^ 
with a single endemic species in Nyasa, is the 
only element of this lake’s fauna which cannot be 
ascribed to the African freshwater fauna. This 
genus occurs in widely scattered coastal brackish 
water the world over and has been discovered in 
freshvrater situations of both Italy and Sumatra. 
The Schizopera problem also arises in connection 
with Lake Tanganyika. 

Distribution and Speciaiion in Nyasa 

The presence, in a lake as young as Nyasa 
apparently is, of several large species flocks, one 
of them the largest found in any lake, indicates 
relatively rapid cleavage of the original popula¬ 
tions. As the evidence in Baikal has demonstrated 
the probability that intra-lacustrine geographical 
isolation is responsible for such cleavage, we must 
examine the possibilities of geographical isolation 
within Nyasa. 

Moore (1903) observed at the end of the last 
century that the Nyasan fauna, which he con¬ 
sidered to be composed of crocodiles, fish, and 
molluscs, was restricted to a narrow littoral zone 
running around the lake. This habitable zone is 
shallow, for Moore was unable to find any or¬ 
ganisms living below Sfi-SO m. The distribution of 
the fauna, particularly the molluscs, along this 
narrow strip of shore is unequal, as Is dearly 
brought out in Moore’s words: 

'‘Thus the Molluscs in Nyasa live chiefly in the 
sheltered bays and creeks which communicate with 
the open body of the lake, each bay forming in itself a 
colony wherein a number of molluscs live practically 



Synopsh of fish faunas of Lakes Tanganyika^ Nyasa, and Victoria 
Species Present but not Endemic; E — Endemic Species; GE — Endemic Genus; * ~ Endemic Genus. 
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isolated from tiie other colonies which are distributed 
around the shore. Storms and floods effect the disper¬ 
sion of members of these colonies at different times and 
in this way every colonisable area of the lake becomes 
filled with molluscs, but in general the individual popu¬ 
lation of each colonisable area remains cut off and 
isolated from all the rest. The actual illustrations of 
these phenomena are often very interesting and in¬ 
structive. Thus the Vim-paria unicolor, which is gener¬ 
ally found in Nyasa, and frequents more diversely 
conditioned parts of the lake than any other form, is 


Dr. Cuthbert Christy collected fish from various 
places at the southern and also at the northern 
end of the lake. Each of the eight endemic species 
of Barbus was taken at both ends of the lake 
(Worthington, 1933), but some species of Haplo- 
ckromis and of Fseudotropheus appear to be local¬ 
ized. Trewavas (1935) has given the known dis¬ 
tribution records of the species of Haplochromis, 
based largely upon the Christy collections. Some 
data are available concerning the distribution of 


TABLE 5 


Sizes of endemic genera of fishes of Tanganyika and Nyasa 


NO. specdes/genus 

TANGANYIZA 

NYASA 

Non- 

Cichlids 

Cichlids 

Names of Cichiid Genera 

Cichlids 

Names of Cichlid Genera 

1 

5 

20 


14 


2 

3 

4 


1 


3 


5 


2 


4 


1 

Tremaiocara 



5 


1 

Bathybates 

1 

Melanochromis 

6 


2 

Telmatochromis, 






Limnochromis 



7 



\ 



8 




1 

Rhamphochromis 

9 






10 






n 




1 

Fseudotropheus 

19 


1 

Lamprologiis 



24 




1 

Lethrinops 


11 

83 

Total no. of Species in Endemic 






Genera 

70 



ENDEMIC CICHLIDS OE NON-ENDEMIC GENERA 



3 

Haplochromis 

101 

Haplochromis 

Total no. of endemic species of 

3 

(3 monotypic genera) 

5 

Tilapia 

Cichlids 



— 



89 


176 ! 



replaced in Monkey Bay (a small bay near the southern 
end of the lake) by a type nearly three times as large, 
and so far as I know, this variety occurs in no other 
part of the lake.” (Moore, 1903, p. 149, parentheses 
added). 

Our present knowledge is still so scant that it is 
impossible to affirm or to deny the validity of this 
example of intralacustrine geographic speciation 
in the molluscs, but we have a little information 
about the distribution of the fish within Nyasa. 


84 of the 101 species. Of these, 41 have been found 
at both ends of the lake, 24 are known only from 
the southern, and 16 only from the northern end. 
The northern and southern populations of one 
species of Haplochromis found at both ends of the 
lake differed sufficiently to be considered sub¬ 
species by Miss Trewavas. Two species of Eaplo- 
chromis are listed as occurring in all parts of the 
lake, but there are no records of the distribution of 
most species along the eastern and western coasts. 
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Two species of Fseudotropheus have been taken 
at both ends of the lake. The northern and south¬ 
ern populations of another species (P. tropheops) 
were designated as being subspecifically different. 
Three other species occurred only in collections at 
a single end of the lake. One was southern and 
two were northern. No data on the intralacustrine 
distribution of Lethrinops species are available. 
It is of considerable importance that the scant 
knowledge we possess about the distribution of 
the members of Nyasan flocks indicates that there 
are intralacustrine geographical subspecies and 
allopatric species. 

Any consideration at the present time of the 
possibility of geographical speciation within Lake 
Nyasa must be based upon the cichlid species 
flocks, since only these have received adequate 
taxonomic treatment. If intralacustrine geographi¬ 
cal isolation is here involved, as the distributional 
evidence would indicate, there must have been, 
during the development of the lake, barriers sub¬ 
dividing and isolating once continuous populations 
for periods sufficiently long to allow genetic 
divergence. We must examine the modem lake 
for evidence of intralacustrine geographical bar¬ 
riers effective today. Should any be found, it is 
possible that their counterparts existed in the past. 

Moore (1903) observed that the molluscs and 
fish, the groups with species flocks, are confined 
to the shallow littoral zone of sheltered bays and 
inlets, extending to depths of less than 50 m. 
Oxygen lack might be the limiting factor. As 
noted above, during 1937 the oxygen content of the 
open waters from the surface down to 50 m. was 
always greater than 6 p.p.m., while below this 
depth the oxygen content dropped steadily, par¬ 
ticularly during the summer (Beauchamp, 1940). 
Since the water in contact with the mud un¬ 
doubtedly has a lower oxygen concentration than 
does the open water, the oxygen tension in the 
microzone occupied by benthic animals may be 
too low, below a depth of 50 meters, to support 
aerobic life. The chironomids, which probably can 
live at greater depths, are exceptional. The head¬ 
lands and wave-pounded beaches between the 
bays appear to be largely uninhabited. Trewavas 
(1948), however, stated that the rocky shores are 
inhabited by at least the Psetidoirapheus group 
of 9 cichlid genera (with 23 species). Their special¬ 
ized dentition is presumably employed in removing 
algae from rock surfaces, although Trewavas did 
not state this explicitly. These algae-covered rocks 


probably have a shallow depth range also. The 
alternation of these different habitats along the 
shallow habitable strip of lake bottom isolates 
portions of any population which is restricted to 
either habitat. 

There is at least one section of the shore of 
Nyasa which, according to Rhoades’ map, is so 
precipitous that the bottom down to below 50 m. 
not only must be rocky but exceedingly narrow as 
well. Along the northern half of the west shore, 
between Nkata Bay and Mrowi to the north, the 
bottom drops precipitously to over 350 m. for a 
distance of about 25 km. Similar stretches of steep, 
but not quite so precipitous shore occur on the 
northeast coast, to the north and south of Kaiser 
Bay. It is likely that these portions of the bottom 
act as barriers to the spread of bay-inhabiting 
benthic organisms, while the bays are barriers for 
the rock fishes. This constitutes the most evident 
type of geographical isolating mechanism effective 
in Nyasa today. 

Moore stated with regard to the mollusca in 
Nyasa that ^‘great extents of its shore and deep 
bottom are un-inhabited” (1898, p. 168). The un¬ 
inhabited shores to which he refers are probably 
not the precipitous stretch just discussed, but 
smaller segments of the lake’s shoreline. If his 
observations on the distinctness of the popula¬ 
tion of Viviparia unicolor in Monkey Bay are 
correct, these smaller segments of uninhabited 
shore, as well as the rocky shores, are acting to 
isolate subpopulations of “bay molluscs,” 

These geographical features would act as bar¬ 
riers only for organisms which are closely tied to a 
specific type of substratum. The snails which are 
apparently represented by species flocks are clearly 
benthic. The habitat requirements of the fish are 
so diverse that relatively little is known of them, 
Worthington (1933) constructed a food chain for 
the non-cichlids, but for the more interesting and 
more nmnerous cichlids it has not been possible 
to do much more than to state, as Worthington did 
(1933, p. 291), that the cichlids include “phyto¬ 
phagous, insectivorous, molluscivorous, and pisciv¬ 
orous forms.” Trewavas (1948) has contributed 
the only detailed information on food habits. The 
previously mentioned rockfish are dosely asso¬ 
ciated with a certain substratum, and all species 
of Lethrinops are benthic feeders. The little- 
studied feeding habits of the hundred species of 
Haplochfomis must be very diveme, if one may 
judge from those of some of the highly divergent 
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monotypic genera. Chiloiilafia feeds on molluscs. 
Aristockromis is the terminal member of a series 
of predacious species of Ha-plochromis. Possibly 
thesej and certainly the eight members of Rham- 
pkockmnis which are open water predators, are 
not associated with the substratum by their food 
habits, altiiough they may be by their reproductive 
behavior. Miss Trewavas has informed me in a 
personal communication that when native fisher¬ 
men wish to catch certain species of cichlid plank¬ 
ton feeders they go to various offshore rocks. This 
may be taken at least as an indication that popu¬ 
lations of Nyasan cichlids which are no longer 
bottom feeders may stili be anchored to small 
portions of the lake. 

The most extraordinary trophic specialization is to 
be seen in the two species of Caremaiodtts {Haplo’ 
chmmis except for their file-iike dentition) which 
feed solely upon the small scales on the taOs of other 
cichlids. While C. toeniatus has the dark oblique 
band from nape to caudal fin which is common to 
many species of this Eaphchromis species flock, 
C. skiranus bears vertical black bars extending from 
back to venter. This pattern is strikingly similar to 
that of females and non-breeding males of Tilapia 
squamipinnis, with which C. skiranus associates. T, 
sguamipimis is a plankton feeder wliich occurs in 
shoals, and an occasional Corematodus skiranus is 
taken in hauls with numerous Tilapia. It is tempting 
to suppose that Corematodus is able to swim un¬ 
noticed among the Tilapia and feed by nibbling at 
the small scales at the base of the Tilapia^s tails. 
The cichlid scales in the Corematodus stomachs un¬ 
fortunately cannot be specifically identified. No 
other adequate hypothesis has been advanced to 
account for this striking resemblance of two un¬ 
related cichlids (Trewavas, 1947b). 

Even the fragmentary information on the eco¬ 
logical and intralacustrine distribution of the 
Nyasan cichlids allows us to see that one species, 
Fseudotfopem tropheops^ which is closely associated 
with rocky bottom, is represented by geographical 
subspecies. This betokens the presence of isolating 
mechanisms effective now or in the immediate 
past. On the basis of our knowledge of speciation 
in Lake Baikal, the assumption appears justified 
'that geographical factors, whose existence has 
been pointed out, are involved as the primary 
isolating mechanism. 

; ^ However,, the ddilid stocks not only in Nyasa 
but also'■in,'Tanganyika ,and 'in 'Victoria' Nyanza'' 
have./spedated to- 'an : finparatteled,'degree, and 
there be- little'doubt'.'that bloiogicaliactors are 


acting here to reinforce the initial isolation con¬ 
trolled by intralacustrine geography. Kosswig 
(1947) has suggested that specialized breeding 
behavior may be important in restricting genic 
interchange. Thus any genetic divergence in a 
population isolated for only a relatively short time 
might, particularly if the color pattern were 
altered, lead to inbreeding and more or less com¬ 
plete reproductive isolation even when the geo¬ 
graphical barriers are no longer effective. The only 
flock of Nyasan cichlids which has been studied 
with reference to this question is that of four 
species of Tilapia so closely similar that they were 
considered a single species up to 1939. Only one 
of these has been given a Latin name {T. karongae). 
Trewavas (i947a) referred to the others by their 
local names, Chambo, Saka, and Lidole. Details 
of the biology of Chambo and Lidole were given 
in the 1947 note. Both species are phytoplankton 
feeders and differences in feeding habits are diffi¬ 
cult to detect, although some divergence may exist, 
as Chambo feeds closer to shore than does Lidole. 
There are slight differences in dentition, develop¬ 
ment of pharyngeal bones, and size of mouth. 
However, the two species are readily distinguish¬ 
able during their period of breeding. The mature 
Chambo males are pale blue, while the Lidole 
males are black. Females and non-breeding males 
are silver-grey with nearly vertical black bars. 
Despite the morphological similarity of the females 
of the two species, their behavior in caring for eggs 
and young is divergent. Chambo carries the eggs 
and shelters the young until they have reached a 
total length of 15 mm., at which time she deposits 
them in a reed-bed. Lidole continues to shelter her 
young until they have reached a total length of 40 
mm., dispensing with the reed-beds. The mating 
areas of these two species, whose feeding areas 
overlap, are separate. Miss R. Lowe, Trewavas' 
associate, is pursuing field studies of the other 
two species. Graham (1929) has described the 
differences in structure and breeding behavior in 
the two closely similar species of Tilapia in 
Victoria Nyanza. 

It may be concluded that at the present time 
the fauna of Nyasa is subdivided into more or less 
isolated regions and that the rate of genic flow 
between them must be slow and may even be 
completely blocked at one or more places. There is 
no reason to believe that this same kind of dis¬ 
tribution has not been characteristic of Nyasa in 
the past. The frequently abrupt alterations of 



SFECIATION IN ANCIENT LAKES 


I4i 


the geographical pattern in such a tectonic trough 
would permit the commingling of long separated 
neighboring populations and the separation of 
once continuous populations. The importance of 
biological factors in the rapid speciation of the 
cichlida is evident. 

The Tanganyika Fauna 

The Tanganyika fauna is intermediate between 
those of Nyasa and Baikal in the diversity of 
stocks present and the number of species by which 
many are represented. In the character of its 
affinities, too, the Tanganyika fauna falls between 
Baikal and Nyasa. A few of the Tanganyikan 
stocks belong to groups with wide distributions 
throughout fresh and brackish waters, but most 
stocks are characteristic of African freshwaters. A 
single species has its only known relative living in 
the East Indian Ocean. 

The bulk of the Tanganyikan fauna has been de> 
rived from African freshwater stocks which have 
subsequently undergone more cleavage and di¬ 
vergence than have the Nyasan representatives. 
This divergence is evident from the many groups 
which are represented by endemic genera. The 
molluscs are most remarkable, as 25 of the 44 
genera are endemic. As only two of these endemic 
genera appear to be relicts, the others must have 
arisen through intralacustrine specialization. The 
Cichlidae, with about half as many species as in 
Nyasa, have 34 endemic genera against the 20 in 
Nyasa. Five of the other families of fish have en¬ 
demic genera in Tanganyika. Endemic genera are 
also to be found among the prawns, and possibly 
the ostracods. Two remarkable water-bugs have 
been made the types of the genera Paskia and 
Idiocoris. These two genera of heterotrephids con¬ 
stitute the subfamily Idiocorinae, which is pecu¬ 
liar to Lake Tanganyika (Esaki and China, 1927). 

Many Tanganyikan genera, both endemic and 
non-endemic, are represented by groups of closely 
related species. It is our chief concern to ascertain 
whether these associations arose through intra- 
lacustrkie cleavage,, i.e,, are species flocks, and if 
so, what geographical factors were responsible for 
isolating the populations within the lake. The 
principal species associations are found among the 
fish, molluscs, prawns, ostracods, and copepods. 
The taxonomy of these faunal groups is reasonably 
complete. Pilsbry and Bequaert (1927) have re¬ 
vised the moUuscs on the basis of all known,mate¬ 
rial, which is, stfll scant. Poll has recently publiAed 


(1946) a revision of the fishes of Tanganyika. The 
prawns have been studied by Caiman (1906), the 
copepods by G. 0. Sars (1909) and Gurney (1928), 
and the ostracods by G. 0. Sars (1910). 

The copepods are well represented in Lake 
Tanganyika, with 29 species described from two 
series of collections. Two species {Ergasilioides) 
are parasitic and will not be considered further. 
One free-living species is a calanoid. There are 18 
cyclopoids and 9 harpacticoids. Tropodiaptmtus 
simplex (Sars) is not only planktonic, as are most 
calanoids, but is the principal zooplankter of the 
lake. Harpacticoids on the other hand are bottom- 
dwellers, and cyclopoids are knowm which belong 
either to the open water or the bottom community. 
As we might expect, the species flocks, of which 
there appear to be three, are confined to the 
bottom-dwelling forms. The eight known members 
of the harpacticoid genus Schizopera (Diosaccidae) 
of Tanganyika form an indisputable species flock. 
When Sars described the species, he stated that in 
his opinion the flock developed in the lake from a 
single ancestral stock. An equal number of species 
are known outside of Lake Tanganyika, chiefly 
in brackish water, although two occur in fresh. 
Gurney reported that there is at least one other 
species of Schizopera in Tanganyika which he 
could recognize from its peculiar cast skins but 
could not describe, Kiefer^s classification (1929) 
of the Cyclopoida, as amended by his subsequent 
elevation of the subgenera to generic rank, will be 
utilized in the treatment of this group. AU of the 
Tanganyikan species belong to two subfamilies 
of the Cyciopidae. Eucyclopinae is represented by 
four genera, Paracyclops, Ectocyclops, Tropocy- 
clops, and Eucyclops, the first two having one and 
two Tanganyika species, respectively. Tropocy- 
clops has but a single species widely disseminated 
in tropical freshwaters. Seven species are attributed 
to the fourth genus Eucyclops, and four of these 
are endemic. The seven species of the other sub¬ 
family, Cydopinae, are dosely related, being re¬ 
ferred to the genus Microcychps, Six of these have 
not been found elsewhere. Of these two species 
associations Gurney' said: find a remarkable 

wealth of dosely-allied forms of the genera Etwy-- 
chps and Microcychps, which seems to indicate a 
kind of explosive evolution from a few primary 
inhabitants^^ (1928, p. 318, 1. 10-13). Although 
little is' known of thC' ecology of these'COpepods, &e, 
' indications' are that these'two''large' groups are 
,bottom-dwe!lers.''It' is, almostxertain, therefore. 
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that one species flock has evolved among the 
copepods of the Tanganyikan bottom community, 
and it is probable that there are two others. The 
reservations which must be borne in mind while 


TABLE 6 

Prosobrancldale molluscs of Lake Tanganyika 


GENERA 

SPECIES PER 
GENUS 

A. Tanganyicia group 


Tanganyicia Crosse. 

4 

Stanley a Bourguignat. 

1 

Baizea [Bahea] Brgnt. 

1 

Baizea {Coulhoisia) Brgnt. 

3 

Baizea {Giraudio) Brgnt. 

2 

Reymondia Brgnt.. 

3 

BrUouxi Brgnt. 

K?) 

E- Spekia group 


Spekia Brgnt. 

1 

C. TiphoUa group 


Tiphobia Smith. 

1 

Bathanalia Moore. 

1 

B. Limnotrochus group 


LinmotrocJms Smith. i 

1 

Chylra Moore. 

1 

E, Paramelania group 


Paramelania (Paramelania) Smith... 

3 

Paramelania (Bytkoceras) Moore.... 

2 

F. Lavigeria group 


Lavigeria Brgnt. 

8 


Joubertia Brgnt. 

! 3 


Randabelia Brgnt. 

! 2 


Hirthia Ancey. 

2 1 


Edgaria Brgnt. 

11 


Lechaptoisia Ancey. 

!(?), 


G. Syrnolopsis group 


Syrnolopsis Smith. 

3 

Anceya (Anceya) Brgnt.. 

4 

Anceva {Burtonilld) Smith. 

1 

Martelia Bautzenberg. 

2 


Should be merged into Lavigeria (P. and B., 1927). 


considering these two cyciopoid species associa¬ 
tions are discussed below. 

The remarkable profusion of 12 endemic species 
of prawns in Tanganyika is ail the more striking 
by cxjntrast with those two other mighty African 
lakes, Nyasa and Victoria, each of which has but a 


single non-endemic species. Caiman considered it 
likely that 11 of the Tanganyika species form one 
species flock. The odd species belongs to the widely 
distributed tropical genus Pdaemon. The 11 
members of the species flock have been put into 
the genera Limnocardina, Caridella, and Aiyella 
having seven, two, and two species, respectively, 
of the family Atyidae, characteristic of tropical, 
fresh’svaters of both the Old and New Worlds. 

There are two genera of ostracods in Lake 
Tanganyika, with large species associations which 
are almost certainly species flocks. Paracypria is 
represented by 11 endemic species and a twelfth 
which has been taken also in Lake Albert. This 
genus may belong to the brackish water element, 
because the type species was described from the 
same brackish lagoon on the Chatham Islands as 
Schizopera. Eight species of endemic ostracods 
from Lake Tanganyika have been assigned to 
Cypridopsis, although they are rather different 
from other members of the genus, typical repre¬ 
sentatives of which are found in Nyasa and Vic¬ 
toria Nyanza, one species in each, and these Tan¬ 
ganyikan species should probably be considered to 
constitute an endemic genus. 

Lake Tanganyika not only has many endemic 
species of molluscs belonging to genera found in 
Lake Nyasa and elsewhere in Africa, but also has 
a large number of endemic genera. There are two 
large endemic genera of pelecypods. Grandidieria 
with 13 species belongs to the Unionidae, and 
Pseudopatha with 5 species pertains to the family 
Mutelidae. The most remarkable molluscs, how¬ 
ever, are the 64 species of prosobranchiate snails, 
whose relation to other African snails is obscure. 
Many have come to resemble marine snails in 
their adaptation to similar habitats and are often 
referred to as "‘thalassoid.’’ Table 6 lists the 
genera to which these thalassoid species are best 
assigned. Representatives of each group of closely- 
related genera are shown in Fig. 7. Pilsbry and 
Bequaert (1927) have expressed the opinion that 
17 genera (groups A-F of Table 6) are melaniids. 
The other three genera (group G) are known only 
from empty shells and can be tentatively con¬ 
sidered a peculiar family, the Syrnolopsidae, pos¬ 
sibly related to the Amnicolidae. Possibly all 17 
melaniid genera represent one highly diversified 
species flock. 

Although IS families of fish are represented in 
Tanganyika, over half of the total number of 
species belongs to a single family, the Cichlidae 
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Fig. 7. Shells akd Rabtjlae oe Repkeseotattve Species of Tanganyika Prosobkanchia'ee 

(“Thalassoid”) Snails 

Spekia zonaia^ width 13 mm.; Tmganyicmrufofihsaf length 11 mm.; Lmigeria grandis^ length ?; TipkoUa h&rei^ 
length 45 mm, ; Batkanalia h(mes% length (?), ca. 20 mm.; Fatamdama (F,) damm% length 32 mm.; Faramelania 
(B.) irUescem^ length 110 mm.; Limm^ochus thomsoni, length 20 mm,; HrM, length 10 mm.; Syrmlopm 

minuta^ length 5 mm.; Mattelia tanganyicmm, length 2,3 mm.; Anmya length 10 mm. (The three fignr^ in 
lower right-hand comer from Pilsbry and Beqnaert, 11^27; others from Moore, 1903.) 
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(Table 4). This preponderance of cicMids is not 
as great as in Nyasa, where it amounts to 80 per 
cent. Beginning our investigation with this family, 
we find that there are no genera which approach 
in size the Eaplochromis group of Lake Nyasa. 
Lamprohgus has 19 species in Lake Tanganyika, 
and TelmatockrmtiSj Limmchromis, Bathyhates, 
and Trematocara have sk, six, five, and four 
species, respectively (Table 5). Poll (1946) has 
considered that Lamprologus and Telmaiochromis 
arose from the same stock. This would give the 
largest dchlid species fiock in Tanganyika 25 
members. The 23 monotypic endemic genera may 
contain species which belong to these flocks, but 
most of them are so highly divergent that deter¬ 
minations of affinity are extremely difficult. 
Haphchfoms, which has undergone a tremendous 
amount of cleavage in Lake Nyasa, has only 5 
species in the Tanganyika drainage area, and these 
are more characteristic of the rivers than of the 
lake itself. All five endemic species inhabit the 
rivers, whereas only three of these species have 
been taken in the lake. Tilapia, another non¬ 
endemic cichlid genus, is represented by two non¬ 
endemic species, probably recent invaders. 

Among the other famflies there are five species 
associations, each of which may have arisen en¬ 
tirely or in part through cleavage within the lake 
of a single ancestral stock. Although there are 19 
species of tire cyprinid Barbus in tlie Tanganyika 
drainage basin, only sLx occur in the lake, and only 
one is restricted to the lake. Four of these six are 
endemic and may constitute a species flock. The 
Mastacembelidae, a family of eel-shaped fish, 
are represented by six endemic and one non- 
endemic species. (Poll, 1946, listed an eighth 
species, If. christyi, Worthington and Ricardo 
1936, as doubtful). The catfish genus Chrysichthys 
of the Bagridae has five endemic species. Another 
catfish genus, Symdontis (Mochocidae), has four 
endemic and one non-endemic species in Lake 
Tanganyika. The African centropomids, large 
predaceous fish, all belong to the genus Lates, 
except for two of the four endemic species in Lake 
Tanganyika, which are sufficiently different to be 
placed in the dosely allied genus Lmiolaies, The 
four Tanganyikan species of and Ludolates 
probably have evolved in the lake from a single 
stock. A comparison of the fish faunas ^ of Lakes 
Tangan3dka and Nyasa,^ employing'Tables 4 and 
.,5 and the^ihfdrination'hf the preceding paragraphs, 
Indicates some of the evolurionary complexities 


that can be obscured in the statement that 87 
per cent of the 223 species of fish in Nyasa are 
endemic as opposed to 78 per cent of the 162 
species in Tanganyika. Ail of the thirteen families 
of Lake Nyasa are also present in Lake Tan¬ 
ganyika, and the comparison will be restricted to 
these thirteen. The cichlids will receive separate 
treatment. The twelve other families in Lake 
Nyasa have 45 species, while Lake Tanganyika 
totals 61 for these same families. Thirty-seven of 
the 61 in Lake Tanganyika are endemic (61%), 
while there are 20 endemics in Nyasa (44%). 
Nineteen of the 37 species endemic to Lake 
Tanganyika belong to large species associations, 
of which three (see above) are undoubtedly species 
flocks. In Lake Nyasa Mastacembleus and the 
Bagridae are each represented by single endemic 
species, and there is only one non-endemic, Syno- 
doniis, Barbus, with eight endemics, forms the 
only large Nyasan species association, and this is 
a doubtful species flock. Lates and Ludolates com¬ 
prise the only large species association which does 
not belong to one of the twelve common families. 
The endemics of both lakes which are not members 
of species flocks (the large ones named and possibly 
a few species pairs in addition) must each represent 
a population which has become sufficiently modi¬ 
fied since its introduction into the lake to receive 
specific distinction. None of the Nyasan endemics 
are sufficiently divergent to be placed in endemic 
genera, but five endemic genera have been created 
for six Tanganyikan species. 

From this comparison of the 12 non-cichlid fami¬ 
lies common to both lakes, it is dear that not only 
are there more species flocks in Tanganyika, but 
also that the Tanganyikan stocks have changed 
more during their stay in the lake, as is apparent 
from the greater percentage of endemic species and 
the presence of endemic genera. 

Turning now to the Cichlidae, we find that ac¬ 
cording to the latest tally (Trewavas, 1948), 
Nyasa has 178 species, or nearly twice the 91 
which have been named from Tanganyika. Ninety- 
eight per cent of the cichlid species of each lake 
are endemic. Furthermore, it is evident that most 
of these endemic species arose through the re¬ 
peated deavage of a relatively small number of 
initial populations. All of the Nyasan endemics 
have probably developed from between 6 and 10 
stocks, one of which has given rise to at least 106 
spedes, by far the largest species flock known in 
any lake. 'Estimation' of the' number of original 
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cicMid stocks in Tanganyika is more difficult. 
The Tanganyika cichlids exhibit a greater degree 
of divergence from each other and from popula¬ 
tions outside of the lake than do those of Lake 
Nyasa, making it difficult to determine the rela¬ 
tionship between genera. Ot the 34 endemic 
genera, 5 are large, with between 4 and 19 species 
each, and as a maximum estimate each may be 
considered a separate species flock. It is highly 
improbable that the 29 other endemic genera are 
each derived from a single stock. It is much more 
likely that these genera, each with between one 
and three species, represent highly divergent 
members of a much smaller number of species 
flocks. It can be assumed that the numbers of 
initial cichlid populations stocking the two lakes 
were rouchly the same. If this assumption is cor¬ 
rect, there must have been about twice as much 
cleavage of these initial populations in Lake 
Nyasa as in Lake Tanganyika. However, the 
Tanganyikan species exhibit a greater morpho¬ 
logical differentiation, as there are 34 endemic 
genera for 91 species against 20 endemic genera for 
the 171 species of Lake Nyasa. In this aspect the 
cichlids resemble the other families. The picture is 
consistent with the geological evidence, to be con¬ 
sidered later, that Lake Tanganyika is older than 
Lake Nyasa. However, the greater amount of 
cleavage which has unquestionably occurred in 
the cichlid stocks of Nyasa must indicate un¬ 
usually favorable conditions for intralacustrine 
geographical speciation of that particular element 
of the fauna. 

Worthington (1937), on the basis of his extensive 
studies of the fish faunas of the African lakes, has 
suggested that the large predators Lates and 
Hydrocym ‘‘have been important factors in con¬ 
trolling the number and variety of Cichlids” (op. 
cit., p. 310). (The basis for his suggestion will be 
discussed in cormection with Victoria Nyanza.) 
This is consistent with the findings in Lakes Tan¬ 
ganyika and Nyasa, as both genera are absent 
from Nyasa, where the amount of speciation has 
been greater. However, in view of the possible im¬ 
portance of other unstudied factors, it seems ad¬ 
visable to vnthhold judgment on the relative im¬ 
portance of predation. 

Gnohgical Msiory of Tanganyika, and origin of its 
fauna 

A summary of the geological and biological 
evidence relating to the development of the lake 


and the origin of its fauna, with some mention of 
the hypotheses which have been elaborated there¬ 
upon, is necessary here, since these hypotheses are 
divergent and often conflicting. This presentation 
of the geological development of Lake Tanganyika 
and the surrounding region is based primarily upon 
material in Willis' monograph of 1936, the latest 
available summary of East African geology. 

Although Lake Tanganyika had its beginning in 
the latest series of earth movements to affect the 
topography of East Central Africa, we must ex¬ 
tend our investigation farther into the past. 
Upon doing so it is evident that this plateau re¬ 
gion has been above the seas for the greater part of 
geological time. Highly metamorphosed Pre-Cam¬ 
brian rock is the foundation rock of the region* 
The only sedimentary beds, not only in this re¬ 
gion but also in the great Congo Basin to the west, 
are freshwater beds. Over the greater part of what 
is now British East Africa two peneplains are 
recognized. The earlier has been dated as Jurassic. 
From late Palaeozoic to early Jurassic times vast 
deposits were laid down in the Congo Basin, un¬ 
doubtedly derived in part from the erosion of the 
lands to the east. During the Jurassic this pene- 
plained area was uplifted from 300 to 900 meters, 
and stream erosion had again reduced the topog¬ 
raphy to a peneplain by the Miocene. Once again 
the land was elevated, this time by 90 to 150 
meters, and before this cycle of erosion, which 
Willis has named the Malagarasi, had more than 
achieved maturity in the less resistant rock, the 
region was convulsed by movements begun in the 
Pliocene and still in progress. 

During the Malagarasi cycle most of the drain¬ 
age of the area now occupied by Lake Tanganyika 
was toward the west. One of Lake Tanganyika's 
major affluents, the Malagarasi River, which 
drains a large area immediately to the east of the 
lake, represents one of these old westward flowing 
rivers which was beheaded by the formation of 
the lake. There is evidence that at the southern 
end of Tanganyika a large river, the Chisyera, 
flowed to the east before the lake was formed* 
Cameron Bay, the distinct lobe on the west shore 
at the soutliem end, is the drowned valley of this 
antecedent river. The land now covered by the 
lake was therefore near, if not on, the divide be¬ 
tween eastern and western watersheds. 

Those'crustal disturbances of the Pliocene which 
gave 'rise' to Lake Tanganyika were' vertical dis¬ 
placements, that result^''in, the formation of a 
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series of trouglis whicli have been called the 
Eastern and Western Rift Valleys. The Western 
Rift Valley is shown on the map (Fig. 6). This so- 
called rift valley is not now, nor was it ever, a 
continuous trough from one end to the other, as 
Suess suggested in 1891 before the region had been 
adequately explored. Rather it is, as Willis was at 
pains to emphasize, a series of structures aligned 
along an arc, and the result of both upthrusts and 
downthrusts. In this western arc there are three 
downwarps, the Albert, the Edward-George-Kivu 
and the Tanganyika troughs, named in order from 
north to south. These downwarped areas are indi¬ 
cated within the interrupted lines on the map. 
It will be noted that there are three separate high¬ 
lands situated along this arc, but all are not up- 
warps. Only Mt. Ruwenzori, the Mountains of the 
Moon, is an upwarp, an integral part of the crustal 
deformation which produced the two downwarps 
immediately to the north and south. The Ruanda 
Highland, standing farther to the south between 
the Edward-Kivu and Tanganyika downwarps, 
antedates the formation of these depressions, be¬ 
ing a large mass of resistant rock exposed during 
the preceding two cycles of stream erosion. The 
Mufumbiro volcanos arose within the Edward- 
Kivu trough, which they now subdivide, at a much 
later date. This last event will be discussed subse¬ 
quently, as it had important effects on the de¬ 
velopment of Lake Tanganyika. 

The Tanganyika trough, in which our interest 
centers, is in actuality two troughs en echelon. 
The Kungwe Peninsula stands at the southern end 
of the northern trough, and the submerged ridge 
trending northwest from this peninsula to the 
headland on the west shore is a strip of the ancient 
land marking the separation between the two 
downwarps. Willis established (1936, p. 215) that 
any areas of the bottom of Lake Tanganjdka now 
standing about 570 meters below the lake’s sur¬ 
face are at about the general level before the verti¬ 
cal displacements began. The most recent bathy¬ 
metric survey has determined that the top of the 
submerged ridge has an average depth of about 
500 meters (data of Copart). This agrees admirably 
with the deduction that this remnant of the old 
land surface has been left as a ridge by the sink¬ 
ing of the adjacent troughs. There is no evidence 
to indicate whether these troughs formed simul- 
taneoudy, or whether an interval of sufficient 
duration elapsed between the two events to be of 
consequence in the evolution of the lake’s fauna. 


As the troughs began to form, they trapped the 
water of the rivers which had once flowed across 
that area. The head waters of westward flowing 
rivers such as the Malagarasi drained into the 
troughs, leaving the lower courses of their valleys 
without their previous supply. Possibly the head¬ 
waters of the Chisyera River, which had cut the 
valley of Cameron Bay, had also been interrupted 
in their eastward course, swelling the lake begin¬ 
ning in the troughs. Subsequently, due to unequal 
elevation of the land, its course was reversed so 
that the modern Chisyera, of meagre proportions, 
drains westward into Lake Mwero. The deepening 
troughs retained their water, so that for a large 
part of its history, undoubtedly the greater part, 
Tanganyika was at the center of a basin of internal 
drainage. The inhabitants of the rivers, and the 
swamps and lakes if there were any, were thus 
isolated. The majority of the peculiar species of 
Tanganyika developed from the inhabitants of 
these freshwaters during that long period of iso¬ 
lation. 

It is necessary to emphasize at this point that 
there is no geological evidence to substantiate the 
belief that Lake Tanganyika ever had an outlet 
into the Nile. One of the prime objectives of the 
Second Tanganyika Expedition, led by J. E. S. 
Moore, was to ascertain the soundness of Suess’ 
conjecture of such a connection between Lake 
Tanganyika and the Nile. The expedition found 
unequivocal evidence that such a northern exten¬ 
sion of the lake never existed (Moore, 1903, p. 83). 
All subsequent investigators have substantiated 
this. Willis has summarized our knowledge of the 
Ruanda Highland which constitutes the barrier 
to the extension of Lake Tanganyika to the north: 

‘‘North of Lake Tanganyika rises the highland of 
Ruanda, a dome-like elevation, some 300 miles in 
diameter. Its base in the general level of the plateau 
may be taken at the contour of 5000 feet (1500 meters). 
It approaches Lake Tanganyika, Lake Victoria, and 
Lake George, and extends west beyond Lake Kivu on 
to the Congo watershed. The area is roughly 120,000 
square miles (300,000 sq. km.) and the top of the 
dome, somewhat north of the central district, reaches 
6,500 feet (2000 meters). 

“Thus doming up some 500 meters above the rest of 
the plateau, we might expect this highland to be 
bounded by faults, but none are known to define it. 
It is deeply and maturely eroded, in contrast to the 
typical plateau surface, and yet carries in its summits 
remnants of an older peneplain, which is correlated 
with the Jurassic peneplain of the southeastern coast 
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of Tanganyika. The physiographic observations by 
Combe have demonstrated that it was already in 
Miocene times and earlier a relatively elevated region, 
into which valleys penetrated headward from the 
Miocene peneplain. It was thus a headwater area in 
that period and then as now the highest upland in 
East Africa’’ (1936, p. 36, lines 1^29). 

It is rather surprising, therefore, to find several 
recent statements to the effect that Lake Tan¬ 
ganyika had, or might have, once drained into 
the Nile. Robert, in the third edition (1946) of 
his Le Congo Physique^ has stated: 

“L’histoire du lac Tanganyika parait 6tre tres com- 
pliqu6e et est loin d’etre sufi&samment connue. On peut 
cependant, des a present, supposer que les ph6nomenes 
y relatifs se sont succ6d6 de la maniere suivante. Dans 
I’ancienne bande en depression, qui etait I’amorce du 
graben actuel, s’etendait un lac qui avait un 6coule- 
ment vers le Nord et qui alimentait la vallee du Kivu, 
ainsi que les lacs Edouard et Albert et enfin le Nil. 
Le barrage form6 par les venues eruptives, au Sud de 
la zone oh est actuellement localise le lac Kivu, ainsi 
que les effondrements r61ativement r6cents qui se 
sont produits localement dans la zone du Tanganyika, 
ont modifi6 cet ancien 6tat de choses et fait du Tan¬ 
ganyika un lac sans ecoulement” (p. 200, lines 31-41). 

This statement, for which no authority is given, 
must be considered erroneous. Poll (1946), when 
writing of the fish fauna of Lake Tanganyika, used 
the second edition of Robertas book as a source for 
the geological history of the lake and was misled 
into a belief that the peculiar fish fauna of the 
lake was of Nilotic origin. However, as Worthing¬ 
ton (1936) has pointed out, the origin of the fish 
fauna of Lake Tanganyika was in the piscine stocks 
of the African rivers of Pliocene times. A large 
part was undoubtedly derived from westward 
flowing rivers, accounting for many of the simi¬ 
larities of the endemic species to stocks now liv¬ 
ing in the Congo basin. The cyprinid Laheo 
weeksii is found within the Tanganyika drainage 
basin only in the headwaters of the tributaries of 
the Malagarasi River System, although it is 
widely distributed throughout the Congo basin. 
Although Poll (1946) found this distribution un¬ 
expected, it is to be expected if the Malagarasi 
once drained directly into the Congo, as there is 
reason to believe it did. Barbus eniaenia, similarly 
restricted to the upper parts of the Malagarasi 
System within the Tanganyika drainage area, 
occurs in the Katanga region of the Congo water¬ 
shed, Angola, Transvaal, and Lake Nyasa. This 


species, too, probably inhabited the Malagarasi 
before Lake Tanganyika was formed. 

Fuchs (1936) discovered in the Kaiso beds 
(early Pleistocene) bordering Lakes Albert and 
Edward fossil molluscs similar to some stocks now 
living in Lake Tanganyika. He placed a viviparid 
snail in the genus Neothauma, which at present 
occurs only in Tanganyika. However, the form 
which lived in Lakes Albert and Edward is spe¬ 
cifically distinct (N. dubium) from the extant N. 
ianganyicenso. Two species of fossil unionids re¬ 
semble Grandidieria of Lake Tanganyika, but in 
the absence of the soft parts necessary for proper 
generic differentiation Fuchs has wisely retained 
the older and more inclusive name Unio, On the 
basis of these palaentological discoveries, Worth¬ 
ington and Ricardo concluded: 

the first place, it is postulated that at some early 
period Lake Tanganyika was much more extensive 
than now, particularly towards the north, and was 
probably in communication with the lakes and rivers in 
the northern part of the Rift valley, including the Nile. 
Evidence for a northward extension of Lake Tanganyika 
is brought forward by Fuchs (in press), who shows that 
fossil molluscs from the Kaiso beds, of the Middle 
Pleistocene period, near Lake Edward, are closely 
related to the present forms living in Lake Tangan>dka 3 
and differ markedly from any known to exist in Lake 
Edw'ard today.” (1936, p. 1070, lines 32-39). 

As such a northward extension is excluded ge¬ 
ologically, the explanation of the presence of these 
fossil moRuscs is undoubtedly that suggested by 
Fuchs himself, namely, that these genera represent 
a moRuscan fauna which enjoyed a wide distribu¬ 
tion over that region of central East Africa during 
Wayland’s first Pluvial period. During the exces¬ 
sive aridity of the first Pleistocene interpluvial 
period (cf. Wayland, 1934) these forms became 
extinct as aU of the permanent habitable waters of 
the region disappeared. Fuchs’ discovery of the 
remains of crocodiles and Bates^ the NRe perch, in 
the Kaiso beds of Lake Edward, where neither of 
these forms live at present, provided further 
evidence of the desiccation of Lake Edward with 
the extinction of its archaic fauna. Nmthauma 
and Grandidieria were able to survive only in Lake 
Tanganyika, which never dried up because of its 
great depth. Subsequently Fuchs (1939) studied 
the fossil moRuscs of the Gaza Beds in the Lake 
Rudolf basin. The recent moRuscan fauna of 
Rudolf, like that of Lakes Albert and Edward, 
is essentially niiotic. Three species characteristic 
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of the Kaiso Beds of Uganda occurred together in 
all the Gaza samples. These are Ywipams uni- 
color, Cleopatra ferruginea, and Unia {Grandid- 
ieria) ahruptm. None of these is found in any 
later deposits. The Gaza Beds were presumably 
laid down during the first pluvial, like the Kaiso, 
Connelly (cited in Dkie, 1927) found the first 
specieSj i.e., the snails, in the Chiwando (middle 
Pleistocene) beds of Lake Nyasa, which is not 
surprising in the light of their present wide dis¬ 
tribution in Africa. More important is the absence 
of Neothauma and Grandidieria. 

Lake Tanganyika remained isolated within its 
basin of internal drainage for a period whose 
duration cannot be accurately estimated. The 
lake had its inception sometime during the Plio¬ 
cene, which lasted about 13 million j^ears accord¬ 
ing to the best evidence available (Zeuner, 1946). 
Even if this event occurred in late Pliocene, the 
lake would have been at least one to two million 
years old at the end of this epoch. The events 
which led to the termination of this phase of the 
lake’s history took place during the middle of the 
late Pleistocene, an epoch which lasted about one 
million years. A minimum estimate of the duration 
of the isolation of Lake Tanganyika would there¬ 
fore be one and one-half million years, while a 
reasonable maximum would be six million. 

The events leading to Lake Tanganyika’s ac¬ 
quisition of an outlet began many miles to the 
north. The eruption of a chain of volcanos across 
the Edward-Kivu downwarp blocked the north¬ 
ward escape of water from the northern slopes of 
the Ruanda Highlands. These impounded waters 
formed Lake Kivu in the drowned head-end of the 
valley which had previously drained into Lake 
Edward. Lake Kivu grew until it topped the low¬ 
est point in the highlands surrounding it. This 
low point was on the south rim, so that the over¬ 
flowing waters drained into Lake Tanganyika. 
The inflow to Tanganyika now exceeded evapora¬ 
tion and its level rose until it reached a low point 
in its rim. This low point appears to have been an 
old westward running valley of the Malagarasi 
cyde of erosion, which had been beheaded by the 
sinking of the Tanganyika troughs. Once again 
water flowed westward in this valley down into 
the Congo Basin as Lake Tanganyika gained an 
outlet, the Lukuga River, and lost that isolation 
during which its fauna had evolved along peculiar 
lines. Moore, leading the Second Tanganyika Ex'* 


pedition, was the first to read this story from the 
geography north of Tanganyika. 

The formation of the Mufumbiro chain of nine 
volcanos, which had such far-reaching effects 
upon the drainage pattern of Central Africa, was 
not a single event but appears to have extended 
over the greater part of the Pleistocene. The vol¬ 
canos occur in three groups of three. The eastern 
and central groups comprise craters no longer ac¬ 
tive and eroded to such an extent that their forma¬ 
tion has been referred to the early Pleistocene 
(Willis, 1936, based on the studies of Coombe). 
The volcanos of the western group are now active 
and probably are of later origin than the other two 
groups, although more precise dating has not been 
possible. This western group is so situated that it 
appears to be the one responsible for the damming 
of the river of the Kivu valley. As Lake Kivu, 
therefore, had its origin during the middle or late 
Pleistocene, its final consequence, the formation of 
the Lukuga River, occurred after the lapse of an 
unestimated interval. 

These recent hydrographic changes involving 
Tanganyika are reflected by the distribution of 
some of the non-endemic species of Tanganyika 
fish. Species which have been introduced into 
Tanganyika from Kivu constitute but a minor 
fraction and are easily differentiated. However, the 
acquisition of a recent connection with the Congo 
Basin, via the Lukuga River, with the attendant 
possibilities of faunal interchange, renders difficult 
the interpretation of the origin and affinities of 
many endemic species. 

There are only two species of fish found in the 
Tanganyika basin as well as in Lakes Kivu and 
Edward (Poll, 1946). These two species are 
closely related, Barhis serrifer Blgr. and B. 
Pellegrini Poll. Both fish are associated with the 
affluents within the Tanganyika basin; indeed, B. 
Pellegrini is never found in the lake, living only in 
the upper reaches of the Malagarasi River. B. 
serrifer inhabits all the other tributaries and has 
only been taken in the lake itself dose to the 
mouths of these affluents. In the Kivu and Edward 
basins also, these fish exhibit a preference for the 
tributaries rather than the lakes themselves. It is 
not surprising then that, when the headwaters of a 
large tributary of Lake Edward were cut off from 
the lower reaches of the system, only the rheophil 
spedes of the basin would be present to stock the 
new Lake Kivu. As few fish (two, from Poll’s 
data) have been able to ascend the torrential 
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Ruzizi from Tanganyika to supplement these 
stocks, the poverty of the Kivu fauna is under¬ 
standable. B, serrifer has been found in two rivers 
of the Congo Basin, the Uele and the Ituri (Poll, 
1946), whose headwaters are in the highlands to 
the west of Lakes Albert and Edward. Its restric¬ 
tion to these two rivers of the Congo System makes 
it likely that serrifer gained entry into these 
Congo tributaries by stream capture involving 
their headwaters and those of tributaries of Lake 
Edward. 

There have been three possibilities for inter¬ 
change between Lake Tanganyika and the rest of 
the Congo System by which the manifest similari¬ 
ties between their fish faunas might have arisen: 

1. Species inhabiting the Congo System during 
Pliocene times might have been trapped in the 
newly-formed basin of internal drainage centering 
about Lake Tanganyika. 

2. Species might have migrated into the lake 
through the recently formed Lukuga connection. 

3. Species might have spread from Lake Tan¬ 
ganyika into the Congo System through the 
Lukuga. 

Any stocks introduced into Lake Tanganyika 
at its formation (1), would in all probability have 
evolved sufi&ciently during the period of isolation 
in adaptation to lacustrine conditions to be no 
longer conspecific with the descendants of these 
stocks in the Congo Basin, The affinities of some 
of the endemic species are not clear, but others 
show an evident relation to the stocks still living 
in the Congo Basin. An example is the predaceous 
centropomid Laies, Bates nilotica is widespread 
throughout the Nile and Congo Systems. This 
species does not occur in Tanganyika, although 
four obviously related species do. Two of these 
are sufficiently like L, nihtica to be retained in 
the same genus, but the other two have been 
separated into the endemid genus Luciolates. If 
Laheo weeksii and Barbus euiamia (cf, p. 147), 
which inhabit the headwater streams of the 
Tanganyika drainage basin, colonized these head¬ 
waters before the lake formed, as is likely, then 
these populations have been isolated from the non¬ 
specific ones in the headwaters of the Congo basin 
proper for as long a time as those other species 
from which the peculiar lacustrine forms have 
developed. That they have not diverged noticeably 
can only be attributed to the constancy of their 
environment. 

Although some of' the non-endemic species,''of 


Tanganyika fish may have survived the period of 
isolation without specific divergences, many, par¬ 
ticularly those which also live in rivers, have 
undoubtedly invaded the lake since the recent 
formation of the Lukuga River connection (2). 
It seems likely, for example, that the only two non¬ 
endemic cichlids of Tanganyika, Tilapia nilotica 
and Tilapia melayiopleura^ are recent invaders. 
Both have very large areas of distribution and are 
as much at home in rivers as in lakes. Worthing¬ 
ton (1936) believes that the Kakoma Rapids of 
the Lukuga may constitute a barrier to the spread 
of many species from the Congo Basin into Tan¬ 
ganyika. In aU, 33 of the 48 non-endemic fish of 
Tangan 5 dka occur now in the Congo Basin. 

One clear case of the recent spread of a fish 
from Lake Tanganyika to the rest of the Congo 
System (3), according to Poll, 1946, is that of the 
cichlid genus Lamprologus. Lamprologm is repre¬ 
sented in Tangan 3 dka by 19 species. Poll (1939) 
has listed only three other species from the rest of 
the Congo System, two without description, al¬ 
though he had expressed the opinion in 1933 that 
there were probably only two valid species. The 
numerical dominance in Tanganyika, together 
with the presence there of species of Telmatochro- 
mis which Poll has considered very like the stock 
from which Lamprologus differentiated, led him to 
the conclusion that the latter genus has evolved 
in the lake. One of the 19 present-day Tanganyika 
species, L. stappersi Poll, can maintain itself in 
rivers, and from some such stock the two or three 
species in the lower parts of the system have ap¬ 
parently developed. 

The last hydrographic connection to be con¬ 
sidered is that between Tanganyika and Rukwa, 
a small lake lying in its own downwarp (see map) 
about 190 km. (80 mi.) east of the southern end 
of the larger lake. The connection, if it ever ex¬ 
isted, was undoubtedly through a valley or de¬ 
pression running between the two troughs, called 
the Karema Gap. However, within this valley 
there is a rise to about the highest lake level dis¬ 
covered in the Rukwa trough, viz,, some' '200 
meters above the surface of the present lake. 
Many geologists in the past and 'as late as 1936 
(de la Vall6e Poussin) have considered the geo¬ 
logical evidence favorable to the hypothesis of a 
connection; but Teale .(1930,"quoted' in' Willis, 
1936)' believed' 'the field evidrace,to;be inconclusive. 
On the other hand,, Stockley';; (1939)' was' firmly 
oonvinced^'.fibat 'there'''neyei'' was 'any direct, hy-. 
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drographic connection between the two lakes. 
The most convincing support for the hypothesis 
of a direct connection comes from the discovery 
of numerous fossil snail shells in the now dr>" lake 
beds north of the present Lake Rukwa. These 
shells pertain to the thalassoid genus Edgaria of 
Tanganyika, (Cox, 1939). If Stockley were cor¬ 
rect, it is exceedingly difficult to imagine any way 
in which Edgaria^ which is restricted to rocky, 
sheltered shores in Lake Tanganyika, could have 
gained entrance into Rukwa. On the other hand, 
if there had been a connection, it is odd that only 
one genus of thalassoid snails should be found in 
Rukwa, and not more. 

The present molluscan fauna bears no relation 
to that of the fossil beds. This is taken as evidence 
that Lake Rukwa, which is never more than 5-6 
meters deep at present and which dries up in part 
during the rainless season, must have dried up 
completely subsequent to the deposition of the 
extensive fosshiferous beds. Possibly this occurred 
during the first major interpluvial, coinciding with 
the desiccation of the shallow lakes to the north, 
i.e., Lakes Edward, Albert, Victoria, and Rudolf. 

Ricardo (1939) reported that three species of 
fish are common to Tanganyika and Rukwa. Two 
of these are c>q)rinids, Barilius moorei and En- 
graulicypris congiciis rukwaemis^ and the third is 
the catfish Clarias kUgendorpi. Poll (1946) was 
doubtful of the validity of this latter species, and 
it cannot be used in the present discussion. Barilius 
moorei, as noted above, also occurs in Kivu, and 
Engraulicypris occurs elsewhere in the Congo 
System, Ricardo, considering that the two cyprin- 
ids are typical of the open waters of Tanganyika, 
believed that their presence in Rukwa supports the 
hypothesis that an open water connection existed 
between the two lakes at some time in the past. 
Any fish which had entered Rukwa from Tan¬ 
ganyika through the supposed connection would 
not have been able to survive the period of 
desiccation which the molluscan evidence requires. 
However, Barilius moorei has been taken in 
streams and brooks tributary to Lake Tanganyika 
(Poll, 1946), and has been able to reach Lake Kivu 
by ascending the Ruxizi. Engraulicypris congicus 
is equally at home in rivers. Since E, congicus has 
not been reported from Lake Bangweulu, it is 
unlikely that it entered Lake Rukwa from the 
Ghambezi (Ricardo-Bertram, 1943). Introduction 
of these fish into Rukwa through capture of the 


headwaters of tributaries of Lake Tanganyika by 
those of Lake Rukwa, or through swamps draining 
into both watersheds, is most probable. 

The geological history of central Africa aids in 
elucidating the origin only of some of the piscine 
and a few molluscan stocks. The origins of other 
stocks remain obscure, for many undoubtedly go 
back to the time of the lake’s formation. The 
thalassoid snails presumably are derived from 
fluviatile ancestors which were present at the 
lake’s genesis, but these descendants have so far 
given no clue to the relationships of their ancestors. 
Other groups of molluscs may have invaded at later 
periods (Pilsbry and Bequaert, 1927). The prawns 
clearly belong to a family which has long inhabited 
tropical rivers and ponds. Their presence in Lake 
Tanganyika, like that of the fish and molluscs, is 
comprehensible even though detailed information 
be wanting. 

There are several groups in Tanganyika whose 
close relatives have such remarkable distributions 
outside of the lake that their very presence in the 
lake is perplexing. The harpacticoid copepod genus 
Schizopera occurs in coastal brackish waters 
around the world (Egypt, Chatham Islands, 
Hawaii, Haiti, Caspian Sea). Freshwater species 
have been found in Toba Lake, Sumatra, and in 
the subterranean waters of southern Italy. The 
gymnolaematous bryozoan Victorella occurs not 
only in the coastal brackish waters of Europe and 
Asia but in some of the basins in the interior of 
Asia as well. Furthermore, a marine species was 
discovered by Harmer (1915) in the East Indian 
Ocean. The marine affinity of the other of the two 
Tanganyikan gymnolaematous bryozoans, Arach- 
noidea raylankesteri, is even more evident, because 
the only other species which has been assigned to 
this genus was found in the Straits of Makassar 
in the East Indian Ocean. 

As in the consideration of the origin of the 
Baikalian fauna, several interpretations of these 
patterns of distribution are possible. Tanganyika 
might once have been an arm of the sea, or it 
might have been connected with a basin which 
once had been a part of the sea, and subsequently 
have been freshened. According to either of these 
possibilities Tanganyika is considered to have had 
a special link with the sea, and the fauna so derived 
would have no close relation to the faunas of the 
other freshwaters, unless they had spread from 
Tanganyika. Opposed to this is the interpretation 
of this special element in Tanganyika as the relict 
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of an archaic fauna which has been supplanted in 
most freshwaters. 

Early knowledge of the peculiarities of the Tan¬ 
ganyikan fauna, in particular the ^^thalassoid” ap¬ 
pearance of snail shells collected by Speke, and 
Bohm’s discovery of the trachyline medusa 
Limnocnida tanganicae, suggested a marine origin 
for this lake, Moore espoused this hypothesis and 
in a series of papers presented what appeared to be 
biological evidence that Lake Tanganyika arose 
as an arm of the Jurassic sea. As knowledge of the 
faunas of Tanganyika and the other lakes and 
rivers of Central Africa increased, Moore^s bi¬ 
ological evidence lost its cogency and the accumu- 
mulating geological information made it quite 
clear that the sea had never reached the site of 
Lake Tanganyika. Cunnington (1920) ably 
mustered all of the pertinent information to prove 
that the h 3 q)othesis as presented by Moore was 
untenable. 

However, the discovery of the marine species of 
the bryozoan Arachnoidea, made subsequent to 
Moore’s latest presentation of his hypothesis, and 
the gradual accumulation of information about 
the distribution of such forms as Sckizopera and 
Victorella bolsters the appearance of affinity be¬ 
tween Tanganyika and the sea. In attempting an 
explanation of this apparent affinity it is necessary 
to give serious consideration to the possibility that 
Tanganyika gained some or all of this special ele¬ 
ment of its fauna from a modified marine basin. 
This would parallel Verescagin’s hypothesis of the 
origin of the ^^marine” element of Lake Baikal. 
The hypothetical basin could not have been to the 
west of the present lake, as no marine deposits 
are known in the Congo Basin. Evidence already 
considered proves that the connection could not 
have been to the north, i.e., to the Nile Basin. 
The nearest marine transgression to the lake was 
on the east, indicated by the Jurassic, Cretaceous, 
and early Tertiary marine strata of the eastern part 
of Tanganyika Territory. Although the western¬ 
most position of the sea coast is uncertain, due to 
the erosion of the marine beds, it may possibly 
have reached the edge of the central plateau dur¬ 
ing the Cretaceous, as indicated on the map. 
(Information from Willis’ account (1936) of the 
geological history of Tanganyika Territory). 
Therefore, any such basin must have been east of 
the site of Lake Tanganyika near the western 
limit of transgression. Crustal movements were 
common at the time of these transgressions and 


there is a possibility that a small basin might 
have become landlocked. The Ruaha River system 
which drains that area of the plateau immediately 
to the east of the Tanganyika drainage basin has 
maintained itself since pre-Cretaceous times. The 
modified marine fauna would then have been 
carried as far west as Tanganyika via ponds and 
lakes formed along its course by crustal deforma¬ 
tions. At present part of the Ruaha trough (see 
map) is drained into the Ruaha system, while the 
western end drains into Lake Rukwa. Lacustrine 
deposits cover the bottom of the Ruaha trough 
and suggest that a possible route was through these 
ponds or lakes to Rukwa and then to Tanganyika. 

There is no evidence to indicate which of the 
three marine transgressions was involved, although 
that of the Cretaceous extended nearest to Tan¬ 
ganyika. If the postulated basin was originally a 
part of the Cretaceous sea, then the time interval 
before the formation of Lake Tanganyika is 
reasonably adequate. 

The known facts of the distribution of close rela¬ 
tives of the special element of the Tanganyikan 
fauna lend themselves less readily to their interpre¬ 
tation as the relics of an archaic fauna of continen¬ 
tal waters than do those for the similar element in 
Lake Baikal. 

Distribution afid speciation within Lake 
Tanganyika 

With this synopsis of the animals which appear 
to have speciated within the lake and the origin 
of their ancestral populations now behind us, we 
can proceed to an examination of their distribu¬ 
tion for evidence of intralacustrine geographical 
speciation. The available information concerning 
spatial distribution of the members of these flocks 
is poorer than for Lake Nyasa. The coEections of 
prawns and copepods have been too limited to 
provide any concept of their distribution. Although 
Poll (1946) has compiled much information on the 
distribution of the fish species within Lake Tan¬ 
ganyika, this cannot substitute for a field investi¬ 
gation of distribution. It is most regrettable that 
Christas field notes, giving the localities of h^ 
large collection of Tanganyika fishes, were lost 
after his death (Worthington and Ricardo, 1936). 
Unless they are found there is little hope of learn¬ 
ing more about the distribution of the endemic 
species of fish in the near future. 

The largest colections of moluscs have been 
made by the expeditions led by Moore, 1895-1899, 
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TABLE 7 

The disifihuiion of ihalassoid snails in Lake Tanganyika 
(Based on table in Darleaelle and Schweiz, 1948) 


SPJ3CEES 

KO. 

SPECIES 

(Stappers) 

1 

HOHIZONTAL 

DISTRIBUTION 

(west coast) 

VERTICAL 
DISTRI¬ 
BUTION 
(Moore and 
Cunning- 
ton.) 

VERTICAL DISTRIBITTION 
(Stappers) 

Rock}?- Littoral 





Spekia sonata . 

689 


0-30 M. 

0-70 (cliiefly at shallow 





depths) 

Tanganyicia mfofilosa . 

3005 

N-S 


0-70 

Tanganykia soluta . 

2 

N 



Stanley a nefUinoides . 

1001 

N, C 


3-33 (chiefly at 35 M.) 

Giraudia tanganykmsis . 

15 

S 


20 (1 species) 

Giraudia koret .| 

184 

c,s 

16.5 

7-55 (chiefly at 20 M.) 

Giraudia minor ...j 

137 

c, s 


0-35 

Lavigeria grandis .1 

298 

c, s 

0-30 

0-70 

Eirthia littorina .| 

2 

s 



Hifthia globosa . 

6 

c,s 



Edgaria arenarum . 

18 

s 


76 (1 species) 

'PApn.via crassilahris . 

95 

c, s 


15-76 

Edgaria egregia . 

2 

s 



Edgaria fOfmosa . 

3 

s 



Edgaria giraudi . 

2031 

N-S 


0-45 (few species) 

Edgaria lechaptoisi . 

3 

s 



Edgaria nassa .... 

2029 

N-S 


0-100 

Edgaria n. Imngstonimia . 

295 

c, s 


0-70 

Edgaria milne-edwardi . 

' 2 

s 



Edgaria pmickostaia . 

1015 

N-S 


0-110 

Edgaria singularis . 

106 

c, s 


0-45 (2 species) 

Intermediate 





Earamelania (P.) damoni . 

109 

N-S 

41-65 

3-100 (chiefly below 20) 

Paramelania (P,) crassigramdata . 

13 

N-S 


1-35 (few species) 

Limnoirochus thomsoni .. 

173 

N-S 

16^125 

0-70 

Chyira kirkii .. 

193 

N-S 

33 

9-150 

Deep 





Tiphobia kord. .. 

42 

N-S 

76-300 

76-100 

Batkandia howesi . 

1 

s 

126-300 

76 

Paramdmia (B,) iridescens . 

69 

N-S 


0-125 

Syrmlopskm, minuia . 

539 

c,s 


8-35 

'Symoiopsis m, carinata, ... 

23 

c,s 


0-100 

' Syrmlopsis L lacusiris .... 

166 

c,s 


8,5-20 

Syrmlopsis L moUrensis .... 

29 

s 


3-70 

Syrmlopsis L plurkarimia . 

25 

s 


8,5-20 

Syrmlopsis 1. lilacina . 

70 

Extreme S 


0-90 

Syrmlopsis gracilis .. 

19 

N-S 


35-90 (few species) 

Ameya giremdi ..... 

960 

c, s 


5-130 

Ameya admirdbilis ..... 

99 

■s 


76-90 

Anc^a beUa .^... 

17 

c,s 


35 (2 species) 

Am^a fufocincta .. 

29 

s 


.. 76 (2 species) 
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Cunnmgtoiij 1904, and Stappers, 1910-1912, Stap- 
pers^ collection, the most extensive, was not re¬ 
ported until 1948 (Dartevelle and Schwetz, 1948). 
Although Pilsbry and Bequaert had only a part of 
the Stappers’ material at their disposal in 1927, 
their system has proven adequate in classif 3 dng the 
bulk of the collection (Table 6). There has never 
been a systematic endeavor to study the intrala- 
custrine distribution of the molluscs. Only scant 
knowledge is to be gained by an analysis of the 
records of the various collections. Stappers’ collec¬ 
tion, the most useful, yields less pertinent informa¬ 
tion than might be hoped, because this expedition 
explored only the west coast. Furthermore, the 
localities are recorded by Dartevelle and Schwetz 
only as north, central, or south. Although they 
concluded that there is no evidence of geographical 
distribution within the lake, their data (Table 7) 
support a different interpretation. 

Before proceeding with the analysis of the hori¬ 
zontal distribution it is necessary to consider the 
vertical distribution and ecological preference of 
the various snails. Stappers’ collection is not verj” 
helpful in these considerations because of two sorts 
of omissions from the held records. No indication is 
given as to whether a specimen was alive or merely 
a shell when collected. The limits of the vertical 
distribution may therefore be in considerable error. 
The second omission is that of any record of the 
substratum on which a specimen was taken. Ail 
the ecological information which was available in 
1927 has been analysed and summarized by Pilsbry 
and Bequaert. This is accepted without alteration 
by Dartevelle and Schwetz (1948). 

The broad aspects of the ecology of the Tan¬ 
ganyika molluscs can be sketched. The molluscs 
of non-endemic genera abound in the bays and 
swamps around the lake, just as the Nyasan species 
of the same genera do. The endemic bivalves, 
Grandidieria and Fsetdospatha, are now restricted 
to depths of less than 25-50 m. according to 
Pilsbry and Bequaert (1927), although Moore in 
1898 recorded GrandUieria burtoni from much 
greater depths. (The signiffcance of depth records 
at different times is discussed in detail below in 
connection with the thalassoid snails.) The proso- 
branchiate snails of Tanganyika live in habitats 
apparently unexploited by any Nyasan snails, 
although the same habitats surely exist in the 
latter lake, t(X). The habitats are of three' types, 
rocks on' the surf-pound^ stretches' of shore, 
mud and gravel bottom at intermediate .ffepths. 


and mud bottom at the greatest habitable depths. 
In Fig. 7 the taxonomic groups occup 3 dng each 
habitat are shown, together with their radulae. 

The large genus Edgaria is exceptional. Its 
members live on rocks sheltered from strong wave 
action. The habitats of symolopsids are unknown. 
Yonge has recently (1938) called attention to the 
differences in the radular structure in the three 
ecological groups. The stout-toothed radulae of 
Spekia, Tanganyicia^ and Lavigeria are apparently 
used to scrape algae from rocks. Moore (1899) 
found that the radular sac of Tanganyicm rufo- 
filosa is very small relative to the size of the snaS, 
and made the further observation that on dissec¬ 
tion ‘‘the mouth, oesophagus, stomach, and rec¬ 
tum were crammed with sharp rock fragments, 
about the size of a pin’s head; and it is a curious 
fact that these animals should thus exhibit a 
propensity to fill themselves with stones, while at 
the same time the radula, or normal rasping 
apparatus, is almost entirely lost” (op. cit., p. 
157). The radulae of Tiphobia and BathanaUa 
have long marginal teeth much like those of 
AporrkaiSy which is known to pick up detritus of 
vegetable origin from the mud. Moore stressed 
the resemblance of the radula of Ckytra to that of 
Capulus which, as Yonge has stated, “is now 
known to act merely as a conveyor into the oeso¬ 
phagus of mucus-laden masses collected by the 
enlarged ctenidium” (Yonge, 1938, p. 465). The 
possession of a crystalline style by all of these 
prosobranchiate snails characterizes herbivorous 
molluscs, as indeed the majority of other fresh¬ 
water prosobranchiates have proved to be (Yonge, 
1938). 

By comparison with Lake Baikal the littoral 
habitats are likely to be geographicaEy discon¬ 
tinuous, while the deep one is almost certainly less 
discontinuous, if not continuous. The alteration of 
bays and headlands is an alternation of at least two 
t 3 q)es of littoral habitats. The bays of Lake 
Tanganyika are largely populated by species of 
non-endemic genera, closely resembling those of 
Lake Nyasa in this respect. These ba 3 rs isolate the 
headlands where rocks exposed to and sheltered 
from wave action provide different habitats. 

In addition to the 'geographical pattern there; ate 
considerable [line 1} variations in the productivity 
of different parts [line 2] of' tho lake. Beaudmmp 
(1939) found that the surface layers, of the open 
waters of Tanganyika were unproductive, probably 
due to ^eir' low^ nitrate, content. As, a result, the 
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greatest development of the biota occurs where 
rivers with a nutrient salt content higher than 
that of the surface lake water empty into shallow 
parts of the lake. Here littoral vegetation flour¬ 
ishes and the rocks are covered with algae. The 
shallow ends of the lake are very productive, as 
are these local regions mentioned above, but else¬ 
where the biota is sparse. 

The available data on the horizontal distribution 
of the thalassoid snails indicate that species living 
in littoral habitats are more localized in that dis¬ 
tribution than are those living at greater depths 
(Tables 7 and 8). Only one-third of the 21 littoral 
species taken by Stappers were not restricted to 
portions of the west coast. All four species living at 
intermediate depths occur in all the basins. Two 
of the three species inhabiting the deep zone have 
a similarly wide distribution. Bathamlia howesi, 

TABLE 8 


Summary of distribuimis of thalassoid snails in 
Lake Tanganyika 


RANGE OP 
DISTRIBUTION 

SYRNO- 

LOPSIDS 

MELANUDS 

TOTAL 

ROCKY- 

LITTO¬ 

RAL 

INTER¬ 

MEDI¬ 

ATE 

DEEP 

N-S. 

1 

5 

4 

2 

12 

N, C. 

i 

1 

.— 

_ 

! 1 

N. 

— 

1 


— 

1 

C. 




— 

0 

C,S. 

5 

7 

___ 

__ 

12 

S.. 

5 

7 

— 

1 

13 


however, is exceptional, having been taken only in 
the southern basin. This localization is probably 
real even though the species has been rarely taken. 
This relationship between horizontal and vertical 
distribution, although based upon scant informa¬ 
tion, is consistent with the findings in Lake Baikal. 

Another aspect of the horizontal distribution 
which is apparent from Table 8 is worthy of further 
mention. Although the three divisions of Dartevelle 
and Schwetz appear to be to roughly equivalent 
lengths of coastline, the southern division has 13 
species and subspecies restricted to it, the northern 
has one, and the central has none. Furthermore, 
twelve of the fourteen forms taken in the northern 
division occur in the other divisions as weU, while 
two-thirds of ah the forms have never been taken 
at the northern end of the lake. The significance 
of th^e regional diflerences is not apparent. 


The ranges in vertical distribution which Moore 
and Cunnington reported from collections made 
between 1895-1904 fall within those recorded by 
Stappers for 1910-1912, with the exception of three 
species (Table 7). Limmotrochus thomsoni, Tipho- 
bia horei, and Baiha^ialia howesi were found by 
Stappers in much shallower water than the previ¬ 
ous collectors had found them in. Since the last- 
named species was taken but once, this finding is of 
less significance than those pertaining to the other 
two species, wkich were well represented in the 
Stappers collection. This surprising difference in 
the range of vertical distribution of these snails 
becomes astonishing when supplemented by the 
observation of Beauchamp that TiphoUa horei 
was living at the surface of Lake Tanganyika in 
1937, and extended down as far as the thermocline, 
i.e., 60 to 80 m. 

And now, since there is no evidence to the con¬ 
trary, it is assumed that these snails require oxy¬ 
gen and that the lower limit of their distribution 
will be the depth at which the oxygen concentra¬ 
tion in the water in contact with the bottom is nil. 
In 1937 the open waters, in the summer, contained 
oxygen down to 60 m. depth during the period of 
stratification. Beauchamp (1939) reported that at 
the time of his hydrological observations TiphoUa 
horei was abundant just above the thermocline 
and could even be found at the surface. At a 
depth of 80 m. the superficial layer of mud changes 
from an oxidized to a reduced state (Beauchamp, 
1946), and judging from the work of Mortimer 
(1941), the oxygen content at the mud surface at 
this depth is probably between 0.5 and 0.1 mg./I. 
Certainly molluscs cannot live at oxygen ten¬ 
sions lower than this. 

The inescapable conclusion from these records 
is that the depth to which Tanganyika waters 
have been oxygenated has varied within the last 
century. To mix oxygen to a depth of 300 m., as 
apparently occurred in 1895, the epilimnion either 
must have extended to that depth, or have been 
somewhat deeper than it is today, and must have 
had oxygenated water turbulently mixed through 
the thermocline to a depth of at least 300 m. In 
Lake Nyasa turbulence in the upper part of the 
hypoiimnion carries oxygen to a depth of 200 m. 
during summer stratification. 

The vertical extent of bottom available for the 
deep-water species has a considerable effect upon 
the relations between these and the second eco¬ 
logical group of molluscs, ^hich might be called 
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the “bay” group. Moore reported in 1898 that the 
bay group occurred down as far as 50-80 m., 
while the deep-water forms were living well below 
this depth. Their areas of distribution overlapped 
little. In 1937 Beauchamp found Tiphobia horei, 
which Moore had characterized as a deep-water 
form, living at the surface and down to depths of 
about 60 m. Its present vertical range is that 
which the species of the bay group occupied fifty 
years ago. The effect which this intrusion has had 
upon the two groups is not known. 

It is of great biological importance to know how 
deep the waters of Tanganyika have been mixed 
in recent geological times. If the mixing extended 
to 300 meters fifty years ago, how deep was it 
mixed two centuries ago? Since prolonged stagna¬ 
tion should lead to gradual settling of heavy iso¬ 
topes, it ought to be possible, by making a study 
of the isotopic composition of the hydrogen and 
oxygen of a vertical series of water samples, to 
ascertain the maximum depth to which mixing has 
extended. 

The influence of one other geographical feature 
on intralacustrine speciation remains for discus¬ 
sion. This is the submerged ridge, a continuation 
of the Kungwe Peninsula which separates the two 
large basins of Lake Tanganyika. Since the top of 
the ridge is about 500 m. below the present sur¬ 
face, it can be of no importance as a barrier at the 
present time, because the biota does not extend 
that deep. It seems unlikely that at the present 
lake level the biota ever extended as deep as 500 
m. However, at more remote times, during the 
dry periods of the African Pleistocene, the lake 
level may well have been low enough for the ridge 
to be effective in isolating part of the fauna into 
northern and southern portions. This would have 
had a profound effect upon intralacustrine specia¬ 
tion, as we have seen a similar ridge may have done 
in Lake Baikal. It will be recalled in this connec¬ 
tion that two-thirds of the species of thalassoid 
snails are restricted to the southern and central 
parts of the west coast of Lake Tanganyika. 

Multiple invasions 

Although we have seen that intralacustrine 
speciation of a cleavage type has probably been 
responsible for the formation of species of prawns, 
three groups of copepods, the majority of the 
molluscs of Lake Tangan 3 dka, and many groups of 
fish in both Tanganyika and Nyasa, it is neces¬ 
sary to consider the possible role of multiple 


invasions in the formation of other types of species 
associations. Although it is not possible to accept 
Mayr’s suggestion (1942) of multiple invasions as 
the origin of species flocks, (a conclusion also 
reached by Trewavas, 1948, for Nyasan cichlids) 
at least one of the mechanisms of multiple inva¬ 
sion which he proposed has almost certainly been 
responsible for the presence vdthin a lake of 
several species of a given genus. The distinction 
between this latter type of species association and a 
species flock is that the members of a species flock 
of a lake are all more close!}?' related to one another 
than to any population existing outside of the lake. 

A tabulation (Table 9) of all non-cichlid asso¬ 
ciations in Lakes Tanganyika and Nyasa of two 
or more species of fish containing at least one 
species widely distributed outside of the lake 
elucidates a difference in the composition of the 
associations of the two lakes. 

The composition of the Tanganyikan associa¬ 
tions is such that the factors involved in their 
formation can be assigned with fair probability. 
In the large groups Barbus, Synodo7ttis, and 
Mastacembelus it is highly probable that the 
endemics arose through intralacustrine cleavage 
of stocks introduced into the lake early in its 
history. The one or two non-endemic species in 
each genus have undoubtedly been introduced at a 
relatively recent date. On the other hand, asso¬ 
ciations composed entirely of non-endemic species, 
such as those of Clarias and Marcusenvus, can 
only be the result of multiple invasions. In the 
four genera with a single endemic and one or two 
non-endemic species, multiple invasions are al¬ 
most certainly responsible. The populations con¬ 
sidered endemic are those which have been modi¬ 
fied during the course of their inhabitation of Lake 
Tanganyika. Probably they were introduced 
earlier than the non-endemic species. 

Only two Nyasan associations are undoubtedly 
attributable to multiple invasions alone. These are 
Cienopoma and Gnathonemus, [N.B. Worthington 
(1933), in assigning the specimens from Lakes 
Nyasa and Bangweulu to Boulenger^s species C. 
ctmotis indicated the probability that C. ckfwiis 
may be but synonymous with C, nanum, a Congo 
species. Poll (1946) has questioned the distinction 
of C. ctemtis Boulenger from C. muriei, which 
occurs in Lakes Tanganyika, Victoria, Edward^ 
and the Nile.] Determinations of the relative im¬ 
portance of the two factors are more difficult for 
the other three associations. In 'Chwias with four 
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TABLE 9 

Modes of formation of llte piscine species associations in Lakes Tanganyika and Ryasa 

Tanganyika 


NON-ENDEWC SPECIES TOTH BISTEIECTION OUTSIDE EASE 


MULTIPLE INVASIONS 

Clarias 3P 

if arcusenius 2P 

Alesies 2P, IE 

Bariiius 2P, IE 

Varicorhynchiis IP, IE 
Engraulicypris IP, IE 

C. mossambicus 

C. liocephalus 

C. theodorae 

if. nigricans 
if. discarhynchus 

A. imberi 

A. macropklhalmus 

B. salmolticius 

B, moorii 

V. rimidae 

E. congicus 

East Africa to Zambesi; Lakes Nyasa, 
Victoria, Kivu; Congo 

Congo basin 

Congo (Katanga), Zambesi, Lakes 
Nyasa and Bang\^'eulu, Rhodesia 
Lake Victoria 

Congo (Katanga), Zambesi, Lake 
Nyasa 

Congo basin, Rv. Roviima to Limpolo, 
Lake Nyasa 

Gabon and Congo basin 

Congo basin 

Lakes Kivu and Rukwa 

Ruanda 

Congo basin, Subspecies in Lake 
Rukwa 

BfULTIPLE INVASIONS PLUS 

Barhus 2P, 4E 

B. aphantogramma 

East Africa and Lake Kivu 

INTRALACUSTRINE 


B. serrifer 

Lakes Edward and Kivu 

CLEAVAGE 

Synodontis IP, 4E 

S. melanosticius 

Congo basin, Zambesi 


Mastacemhelus IP, 6E 

if. taeniatus 

Katanga (Congo) ? 

Nyasa 

MULTIPLE INVASIONS 

Ctenopoma 2P 

C. muUispinus 

Zambesi, Lake Mweru, Bechuanaland 



C. ctenotis 

? See note in text 


Gnathonemus IP, IE 

G, macrolepidoius 

Zambesi 


Clarias 4P, 2E 

C. mossambicus 

East Africa to Zambesi, Lakes Tan- 




ganyika and Victoria, Congo 

MULTIPLE INVASIONS 


C. mdlandi 

Lake Bangw’euiu 

(plus INTRALACUS- 


C. carsonii 

Uganda 

TRINE cleavage?) 


C. theodorae 

Zambesi, Congo (Katanga), Lakes 




Tanganyika and Bangweuiu, Rho- 




desia 


Laheo 2?, 2E 

L. aliilems 

Zambesi 



L. cyUndricus 

East Africa to Zambesi, Lake Tan- 




ganyika 


Barbus 6P, 8E 

B, trimacuhtus 

Zambesi, Transvaal, Zululand 



B. paludinosus 

East and South Africa (including 




Zambesi) 



B. eutaenia 

Zambesi, Angola, Transvaal 



B. bangudensis 

Lake Bangweuiu, Kafubo River 




(Congo) 



B. innocens 

LakC' Rukwa, Wami and Mkata Rvs. 




(Tanganyika Terr.) 



B. rogersi 

Upper Zambesi, Angola 

non-endemic and two 

endemic species, and 

in possibility of intralacustrine cleavage cannot be 


Labeo with two endemics and two non-endemics, it excluded. Barhus presents further difficulties. The 
is probable that the endemics of each genus are the six non-endemic species are certainly the result 
result of early double invasioiis. However, the of multiple invasions. How many of the eight 
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endemics are also? This question can only be 
answered by an authority. From Worthington^s 
(1933) treatment of this genus it appears that four 
endemic species (F. rhoadesii, B. eurystonmSj B. 
joknstonii, and B. glohiceps) are closely related, and 
therefore it may be considered possible that they 
arose with the lake. The other three endemic 
species (the fourth having been considered ques¬ 
tionable by Worthington) do not appear to form a 
group with the genus. Presumably they represent 
three relatively old invasions. 

This total of ten invasions by species of Barbus 
is not as improbable as it first appears, because of 
the exceedingly large number of species of Barbus 
in the rivers of East and South Africa. Barbus, in¬ 
deed, dominates the fish fauna of this region 
(Nichols, 1928). Within the Tanganyika drainage 
basin there are 13 species of Barbus restricted to 
the rivers. Six are endemic. All have presumably 
invaded this drainage basin. Tw'o occur otherwise 
only in East African rivers and must have entered 
the Tanganyika basin from the east. One (B, 
pelUgrini) came from Lake Kivu. The other non¬ 
endemic species have wider distributions, including 
the Congo system, and probably entered through 
the Lukuga. The distribution of the non-endemic 
Nyasan Barbus furnishes some notion of the paths 
over which the lake may have been invaded. Four 
have wide distributions, including the Zambezi. 
Presumably they entered from some part of this 
system, not necessarily up the Shire, which is 
blocked by the Murchison Rapids. B, infiocens has 
been found outside Lake Nyasa in Lake Rukwa 
and in the Wami and Mkata Rivers in Tanganyika 
Territory. Perhaps it entered the Nyasa basin from 
the northeast. B. banguelmsis is restricted to 
Lake Nyasa, Lake Bangweulu, and the Kafubo 
River (Katanga region of Congo), This distribution 
can be interpreted either as an invasion of Nyasa 
from the west or from Nyasa into the rivers to the 
west of the Nyasa basin. 

The differences in the roles which multiple in¬ 
vasions have played in the development of the 
piscine species associations of Lakes Tanganyika 
and Nyasa are related to their positions with 
respect to the rich Nile-West African and poorer 
East and South African freshwater fish ’ faunas 
(Nichols, 1928). Lake Tanganyika has recently 
received contributions from the Nile-West African 
fauna through the Lukuga and, to' a much smaller, 
.extent, from the north through Lake Kivu. Three- 
species of Barbm of the Tanganyika drainage^ ,of, 


vrhich only one lives in the lake, Labea cylindricus, 
and the riverine Amphilius platyckir are the only 
species which have almost certainly come from 
the East and South African fauna. The Nyasan 
fish fauna has been largely recruited from the rela¬ 
tively poor East and South African fauna. The 
dominance of Barbus here is reflected in the fact 
that Lake Nyasa has twice as many species as Lake 
Tanganyika. Only a single Nyasan species Barbus 
hanguelensis occurs in the Congo system. The 
interpretation of this distribution has been dis¬ 
cussed. The cichiid stocks were probably also 
derived from the East and South African faunas. 

In the discussion of the species associations of 
the copepods of the genus Eucyclops the four 
endemic species were considered to form a flock 
which had evolved in the lake. The presence of 
three other non-endemic species of the same genus 
provides evidence of passive multiple invasions. 
Two of these, originally described by Sars from 
Lake Tanganyika, have been subsequently dis¬ 
covered elsewhere. E. agiloides (Sars) has been 
recorded from many other places in Africa, 
southern India, and the Sunda Islands (Kiefer, 
1929, 1932, 1934a, b, 1939). E. eumanihm (Sars) 
is known to occur in western and southern Africa 
and in the Sunda Islands, (Kiefer, 1929, 1934a, b, 
1939). The third species, E. angustus, originally 
described from Lakes Tanganyika and Nyasa, 
has not been taken elsewhere. The unmodified 
populations of E. agiloides and E. euacanihus may 
be relatively recent invasions. It is possible that 
the species of Eucyclops and Microcyclops now 
considered endemic in Lake Tanganyika may also 
be shown to exist elsewhere as the tropical fresh- 
waters of the Old World become better known. 

SPECIES ASSOCIATIONS IN OTHER TAKES 

Large species associations have been discovered 
in five other lakes. None of these associations ap¬ 
proach in magnitude those found in the three 
lakes previously considered. The fauna of only 
one of these lakes, Victoria Nyanza, is sufficiently 
known to merit discussion. It has one large species 
association. Lake Titicaca, high in the And«,'has 
two -species' associations. Insufficient data ,on 'the 
intralacustrine distribution of the fauna! elements, 
are- at present available. The .complete results of 
the Percy ' Sladen Trust Expedition to Lake 
Titicaca, in 1937; wli' undoubtedly provide much 
of the desired inform'ation. ,The other three lakes 
'are smafler iit' and, have smaller, species ^asso- 
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ciations. Lake Lanao on Mindanao in the Philip¬ 
pine Islands is reported to have at least 17 closely 
related species of cyprinids in its waters. Lake 
Ochrid, lying near the junction of Greece, Jugo¬ 
slavia, and Albania, has in its fauna several small 
species groups. Species associations have been 
reported among the prawns, molluscs, and fish 
common to the five small lakes of the isolated 
Malili River drainage of central Celebes. 

Lake Victoria or Victoria Nyanza 

The basin of Lake Victoria is about as different 
in shape from those of Baikal, Tanganyika, and 
Nyasa as could be (Fig, 6). It is like a tremendous 
saucer, with an area of about 69,000 sq. km. 
(26,000 sq. mi.), and a maximum depth of 80 m. 
Even this depth is exceptional, and over most of 
the central portion of the lake no depths of more 
than 70 m. can be found. The coast line is ex¬ 
tremely irregular, with many small bays and 
islands near the shore. There are three large gulfs, 
Kavirondo Gulf in the northeast part, Speke Gulf 
to the southeast, and Emin Pasha Gulf to the 
southwest. The only regular stretch of shore is 
along the west side of the lake. The Sesse Islands 
form an archipelago in the northwest corner of the 
lake. 

Worthington has studied (1930) the physics 
and chemistry of the lake water, and found a strik¬ 
ing difference between the gulfs and the open 
waters of the lake. The transparency of the open 
waters measured with Secchfs disc varied between 
6 and 8 m., while in Kavirondo Gulf, which was 
assumed to be a typical gulf, the transparency was 
from one half to one-and-one half m. The great 
turbidity of the gulf is due to two factors. Phyto¬ 
plankton is more abundant and there is a con¬ 
siderable amount of suspended detritus, as these 
gulfs are shallow enough (10-20 m.) to be mixed 
to the bottom. The temperature of the gulfs tends 
to be slightly higher than the upper layer of 
similar thickness in the open part of the lake 
where the temperature is about 25°C., dropping 
gradually to 23.3°C. at the bottom. Complete 
diurnal mixing takes place in the upper 20 m. 
of water, which are probably saturated with 
oxygen, although no determinations were made. 
Water below this depth is never fully mixed, ac¬ 
cording to Worthington, although there is sufficient 
secondary turbulence to maintain a low oxygen 
concentration on the bottom, which is inhabited 
chiefly by chironomid larvae (Worthington, 1930). 


A few oligochaetes and prawns apparently can exist 
here as well (Graham, 1929). The deeper parts of 
the bottom in the gulfs are also populated primarily 
by chironomids. 

The fauna of Victoria Nyanza has been cata¬ 
logued by Cunnington (1920) and, except for the 
fish, there have been few changes or additions 
since. The faunas of both Victoria Nyanza and 
Lake Kioga are very different from that charac¬ 
teristic of the Nile. There is good reason to believe 
that Victoria Nyanza, like Lake Edward, was re¬ 
duced to a swamp-like condition during the first 
interpluvial period. This extreme reduction of the 
former lake caused the extinction of ail but a few 
Nilotic species. Since Lake Victoria has refilled, 
its waters have been repopulated from the sur¬ 
vivors with a few additions from adjoining waters. 
Murchison Falls has prevented the invasion of 
Nilotic fish. The most recent list of the fish, given 
by Graham (1929), includes the new species col¬ 
lected by the Fisheries Survey of 1927-1928. 
Several small species associations among the in¬ 
vertebrates are undoubtedly the result of multiple 
invasions. By far the largest association within 
the lake is that of the genus Eaplochromis and a 
few closely related fish placed in other genera. 
This is a species flock. Graham’s list gives 55 
endemic species of Eaplochromis and one Nilotic 
species, Eaplochromis multicolor (Hilg.). In addi¬ 
tion to these, Regan (1922) has separated four 
deviant species of the Eaplochromis stock into 
four genera, Asiatoreockromis^ Macropleurodus, 
Eoplotilapia, and Platytamiodus. 

Subsequent to this survey of Victoria Nyanza, 
the Cambridge Expedition to the East African 
Lakes explored several lakes directly to the west 
of Victoria Nyanza and discovered Eaplochromis 
populations very similar to those hitherto con¬ 
sidered as endemic to Lake Victoria. The most 
westerly and by far the largest of these lakes is 
Edward, occupying a downwarp of the Western 
Rift. The other lakes are small and swampy, and 
constitute part of one of the peculiar drainage 
systems which drain both east into Victoria 
Nyanza and west into Lake Edward (Fig. 6). 
Those investigated are Nakavali, Kachira, and 
Ejjanebalola (Worthington, 1932). The non- 
cichlid fish were treated in 1932 by Worthington, 
and Trewavas published an account of the cichlids 
in 1933. Twenty species of Eaplochromis were 
found in Lake Edward, four of them species pre¬ 
viously thought to be restricted to Lake Victoria. 
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This close relationship is further emphasized by 
the fact that the 17 endemic species in Lake 
Edward are all closely related to Victoria species. 
Two other cichiids from Lake Edward belong to 
monotypic genera clearly derived from Eaplo- 
chromis. One is A stator eochr amis alluaudi Pell., 
common in Victoria, while the other, Schuhotzia 
edmrdiana Blgr., occurs only in Lake Edward. 
An examination of the fish of the three small, 
swampy lakes proved that Haplochromis nubihis 
Blgr., one of the few species common to Edward 
and Victoria, also occurs in all three small lakes, 
and that A stator eochr amis alluaudi occurs in two 
of them. 

The recent fish fauna of Lake Edward has ob¬ 
viously been derived from Victoria by means of 
the drainage systems connecting the two lakes, 
rather than from Lake Albert through the Semliki 
River, which drains Edward. During the early 
Pleistocene Lake Edward contained Nilotic fauna, 
judging from the fossil remains of crocodile and 
Laies in the Kaiso beds near the lake (Fuchs, 1934). 
The present fauna lacks these Nilotic elements, 
which are presumed to have been destroyed during 
the arid first interpluvial period. The Semliki 
Falls has acted as a barrier to the passage of the 
Nilotic fauna from Lake Albert into Lake Edward 
just as the Murchison Falls has prevented its 
penetration into Lakes Kioga and Victoria. 

The Haplochromis species of this Victoria-Ed- 
ward system differ from each other primarily in the 
size and shape of the mouth and the number, struc¬ 
ture, and arrangement of the teeth, and appear to 
form a natural group which has probably evolved 
from a single population. Trewavas (1948) has ex¬ 
pressed the belief that this parental species re¬ 
sembled H. wingaiii of the Upper Nile and E. 
hloyeti of Tanganyika Territory. 

Although fish of the Haplochromis stock have 
speciated tremendously in Victoria Nyanza, it will 
be remembered that there are almost twice as many 
species in the Lake Nyasa flock. Regan, who has 
studied the cichiids of all three lakes, has con¬ 
sidered that those of Tanganyika are more differ¬ 
entiated than those of Nyasa, and these in turn 
more so than those of Victoria Nyanza. This is in 
accord with the geological evidence that Tan¬ 
ganyika is the oldest and Victoria Nyanza the 
youngest of the three lakes. 

A consideration of the known facts about the 
ecology and distribution of the Haplochromis 
flock within Victoria Nyanza brings to light a 


most baffling problem, since many species are not 
restricted to the bottom, as was true of all of Lake 
Baikal’s species flocks. Although a large part of 
the fish population occupies the inshore waters, es¬ 
pecially the gulfs, many Haplochromis are found in 
the open waters as well, feeding chiefly upon the 
smaller Engraulicypris, a plankton-feeder. The 
same species also feeds on the bottom at shallow, 
intermediate depths, and a few may even feed on 
the deepest bottom. Indeed, Graham has con¬ 
cluded that one species, H. guiarii^ is ubiquitous 
except perhaps in water deeper than 60 m. 

The first step in an investigation of speciation 
in Victoria Nyanza is to determine whether there 
are any species of Haplochrmnis which are re¬ 
stricted in distribution to any geographically dis¬ 
tinct regions of the present lake. Although there 
have been no studies directed primarily tow’^ard 
the elucidation of tlie Haplochromis distribution, 
the Fisheries Survey made 100 collections wnth 
different t 3 rpes of gear in many parts of the lake. 
The results of these collections have been reported 
in some detail (Graham, 1929) and it is possible 
to obtain some conception of the distribution of 
many species. 

The majority of the species, while not frequently 
caught, were taken at wndely separated points, so 
that a lake-wide distribution must be assigned 
them provisionally. Two species are not only wddely 
distributed but also numerous, inasmuch as they 
are represented in a large number of catches. H. 
guiarti was present in a third of all collections, 
being taken most frequently in 2-inch mesh gill 
nets in both deep and shallow water, and in trawds 
and seines as well. This species apparently is pres¬ 
ent in all parts of the lake, with the possible ex¬ 
ception of water deeper than 60 m, H. cinereus 
was taken in one-fifth of all collections, most fre¬ 
quently in trawls, indicating that it stays much 
closer to the bottom than H. guiarti does. This 
species certainly shuns the deepest bottom. 
Astatoreochromis alluaudi is among the most 
common, appearing in one-seventh of the catches. 

Although it is reasonable to assume a lake-wide 
distribution on the basis of a small number of 
widely scattered collections, greater caution must 
be used in assuming a restricted distribution from 
a single catch. Eight species of Haplochromis were 
taken at single stations. Four of these, each with a 
single specimen taken, were collected in the north¬ 
west corner of the lake. In view of the fact that a 
greater number of collections was made here than 
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anwhere else in the lake, these catches may only 
represent chance catches of species more widely 
distributed but rare ever>nvhere. However, one 
species, H. plagiostmm, was taken six times around 
Kavirondo Gulf and near Port Victoria just to the 
north. A single specimen was taken in each of 
three gill nettings, ^-et two were taken in a trawl 
near Port Victoria, seven in a trawl in Kavirondo, 
Gulf, and five from a basket trap near the Rusinga 
Islands at the mouth of the gulf. It seems likely 
that this species lias a restricted distribution, al¬ 
though it is still far from certain. Another species 
H. sauvagei, was taken on three occasions near 
Port Victoria, twice in trawls yielding one and 18 
specimens respectively, and once a solitary speci¬ 
men in a gill net. Here again, it is likely but not 
certain that this species has such a limited range. 
Similar difficulties are attached to the interpreta¬ 
tion of the single catch of single specimens of two 
other species in parts of the lake which were less 
intensively fished. The data for H, hayoni are more 
convincing. This species was taken four times in 
gill-nettings around the Sesse Islands and the 
islands of Damba and Kome just to the north 
and no where else. Although three nets held soli¬ 
tary specimens of H. hayoni^ 20 were caught in the 
fourth. At present the interpretation that E. 
haymii is confined to the waters around these 
islands of the northeast coast of the lake seems 
justified. Two other species, E. argenieus and E. 
gowersii^ were each represented by single specimens 
in this much less intensively fished region and 
may similarly be restricted to it. 

This appears to be the only portion of the lake 
to which some species are limited. The large gulfs, 
with the possible exception of Kavirondo, do not 
seem to be sufficiently isolated for their populations 
to have diverged genetically. It is not unexpected, 
in view of Worthington’s observations, that the 
biota is dense in the shallow waters all around the 
lake. 

Worthington’s observations on Lake Nabugabo 
assume importance because they furnish a clue to 
the way in which Eaphehromis populations can be 
isolated and diverge sufficiently to attain the xank 
of separate species, Wlmt is now called Lake 
Nabugabo was once a bay on the northeast coast 
of Victoria Nyanza (Fig. 6),'but in the course, of 
time the strong southeast winds have built a sand 
,spit across its mouth which ultimately separated 
;it"'a)mpleteiy ^from, the,body of the main lake 
(Worthii^gton, 1933). Lake Nabugabo now <x>n- 


tains Tilapia, Clarias, Bagms, and Eaphehromis. 
The species of the first three genera are the same 
as ones found in Victoria; however, only one of the 
four species of Eaphehromis is a Victorian species, 
the others being endemic to Lake Nabugabo. 
Each is, however, closely related to a species in 
Victoria (Trewavas, 1933). Should this lake become 
continuous with Lake Victoria again, as a rise of 
several meters in the water level would certainly 
bring about, these Nabugabon species would be 
placed in competition with those already in 
Victoria. Such competition would lead to ecologi¬ 
cal specialization, because any genes which tended 
to lessen the degree of competition between the 
competing species would have selective advantage. 
Competing species would tend to occupy different 
ecological niches. 

Lake Nabugabo, therefore, provides an illustra¬ 
tion of the manner in which both benthic and 
pelagic species of Eaplockrcmis can have arisen. 
The isolation of bays to form small peripheral 
lakes, which were subsequently reincorporated 
after a period of isolation short relative to the age 
of the main lake, could account for the origin of the 
Eaplochromis flock. The main body of Victoria 
Nyanza would then be comparable to a large 
central island in an archipelago that accumulates 
species which have attained reproductive isolation 
on the smaller peripheral islands (Galapagos 
finches or Hawaiian drepanids, for example). 
Competition between these species leads either to 
changes in habit which reduce competition, or to 
extinction. 

Geological observations indicate that the lake 
has been much more extensive in the past than it is 
at present (Wayland, 1934). Ancient shorelines 
extended as far as the rifts to the northwest and 
southeast. Beaches as far as 300 feet above the 
present lake level have been found. This does not 
necessarily mean that a lake 300 feet deeper than 
the present one ever existed, as the basin has very 
likely been tilted several times during the course of 
its history. However, it is clear that the lake has 
been more extensive than now and that its level 
has fluctuated considerably. This would afford 
ample opportunity for the isolation of peripheraJ 
lakes and their reincorporation. 

The fact that the species of Eaplochromis in 
Lake Nabugabo have diverged sufficiently to be 
considered specifically distinct, while the other 
populations have not become modified, indicates 
the relatively rapid rate at which EapUchrmnis 



SPECIATION IN ANCIENT LAKES 


161 


can evolve. As mentioned during the discussion of 
the Nyasan cichlids, the reproductive behavior of 
these fish may be responsible for the preservation 
of differences which arise during temporary isola¬ 
tion (cf. p. 140). 

If the Haplockrmiis stock has long been charac¬ 
terized by complex reproductive behavior, the 
period of isolation of a peripheral lake could have 
been relatively short and still sufficient for the 
isolated population to become so modified that it 
would be reproductively isolated when reintro¬ 
duced into the main body of the lake. Also, from 
the absence of species ffocks among the other 
genera, which appear to diverge more slowly, it 
may be deduced that the peripheral lakes which 
were reincorporated into the main lake had in 
general not been isolated for geologically long 
periods. 

Estimates of the age of Lake Victoria vary con¬ 
siderably. Worthington (1937) has probably un¬ 
derestimated it at 15,000 to 20,000 years. Accord¬ 
ing to Wayland (1934), a lake which existed at the 
same site during the early Pleistocene dried up 
more or less completely during the interpluvial 
period between his Pluvial I (Kageran) and Part 1 
of Pluvial n (Kamasian). The lake reformed during 
the Kamasian pluvial. Wayland considered that 
the arid period succeeding the Kamasian pluvial 
was not sufficiently intense to cause this lake to 
lose its lacustrine character, although its size cer¬ 
tainly dwindled. If his interpretation is correct, 
then Lake Victoria has persisted since the Ka¬ 
masian pluvial. Kamasian is considered Middle 
Pleistocene (cf. Leakey, 1936) and contemporane¬ 
ous with the Riss Alpine glaciation. The age of 
Lake Victoria would then be about 300,000 to 
500,000 years, depending on the estimate of the 
total length of the Pleistocene. If, however, the 
lake did dry up during the Kamasian-Gamblian 
interpluvial, the present lake must have formed 
early in the Gamblian pluvial, or between 50,000 
and 200,000 years ago. It is unlikely that any 
subsequent arid phases were suffidentiy intense to 
bring about the desiccation of the lake. 

According to Wayland’s map of the region ad¬ 
jacent to Victoria Nyanza (1934, p. 349), there are 
two small lakes to the west of the southern half of 
the western coast of Victoria. These lakes, Ddmba 
and 3urigi by name, are possibly other examples 
of peripheral lakes left by a shrinking Victoria and 
'are worthy of investigatioii. ''^ 


Lme Titicaca 

Lake Titicaca has a total area (excluding islands) 
of 7600 sq. km. (Gilson, 1939). The main basin or 
Lago Grande is roughly elliptical with the major 
axis NW—SE, The maximum depth has been 
recorded at 281 m. At the southeast end of the 
main basin, connected by a narrow strait, is a 
shallow bay, Lago Pequeho. Shallow Puno Bay on 
the northern half of the western side of the lake is 
the only other major irregularity in the shoreline. 
The lake lies between 15® 14' and 16® 35' S., at 
an altitude of 3815 m. The lake is within a basin 
of internal drainage called the Altiplano, a down- 
faulted area between the Eastern and Western 
Cordilleras which extends from 14® to 22® S. To 
the south of the Titicaca basin there is another 
basin within the Altiplano which contains water. 
This is Lake Poopo, a vast brackish puddle with 
an area of about 2500 sq. km. and a depth of 
seldom more than 4 m. Titicaca drains into 
Poopo through the sluggish Desaguadero River. 
South of Lake Poopo, at the southern end of the 
Altiplano, there are vast salt fiats. 

At the northern end of the Lago Grande, and 
separated by only a few kilometers, are several 
small, probably shallow lakes, the largest of which 
are Lakes Arapa and Umayo, Arapa connects 
with the Rio Ramis, a few kilometers above its 
opening into Lake Titicaca. Uma 3 ^o is west of 
Puno Bay. As these lakes are only a few meters 
higher than Titicaca, it is certain that they were 
until relatively recently a part of the large lake. 
These peripheral lakes are thus similar to those 
believed to have been important to the speciation 
of Eaplochromis in Lake Victoria. Of quite a 
different nature are two lakes, Lagunilla Lagunilla 
and Lagunilla Saracocha, about 80 km. (50 mi.) 
west of Puna in the Western Cordilleras. They 
are about 300 meters higher than I^ke Titicaca 
and were undoubtedly always separate from it, 
although it is probable that they have been con¬ 
nected with each other at some time in the past, 

Moon has reviewed the history of the Altiplano 
(1939). During Miocene time tectonic movements 
led to the formation of the Altiplano, which has 
been a basin of internal drainage ever since. Dur¬ 
ing the Pliocene the Altiplano was only a few 
hundred meters above sea level and supported a 
semitropical biota. Chiefly during the early 
PieistO'Cene the basin suffered'uplift to' its^ 'prmnt 
"elevation and without, lateral'displacement, ^and 
became increasmgiy arid,''the while. Ther'e are 
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abundant indications of mucli higher lake levels, 
some or all of which have been attributed to the 
melting of glaciers during the Pleistocene. The 
Titicaca and Poopo basins were probably united 
in a large lake at one time. 

A paucity of animal stocks comprises the biota 
of Titicaca. Although several widely distributed 
groups are represented by many cosmopolitan 
species (rotifers for example, recently treated by 
Beauchamp, 1939), there are only two piscine 
stocks. One siluroid, Trichomycterus rimilatus, in¬ 
habits the waters of the Titicaca basin as well as 
those of other parts of Peru and Bolivia (Tscherna- 
vin, i944b), A cyprinodont stock is represented by 
18 species in the Aitiplano. Two of these 18 also 
occur in river systems draining the outer sides of 
the mountains rimming the Aitiplano. Only two 
species do not occur in the Aitiplano, each of them 
being restricted to a lake in the valley to the north 
of the Aitiplano, that of the Umbamba River. 
These 20 species are considered to constitute the 
subfamily Orestiinae. Their geographical dis¬ 
tribution indicates that the Aitiplano has been 
the site of their evolution, and they are the most 
remarkable element of its biota. The only other 
vertebrates. in Lake Titicaca are the entirely 
aquatic frogs of the Andean genus TelmatoUus, 

Not only are the amphipods the only group of 
malacostracans described from Titicaca, but they 
are the most interesting of all its crustaceans. The 
planktonic cladocerans and copepods (Birge, 1906; 
Marsh, 1906) show nothing remarkable from the 
point of view of a student of evolution. Unlike 
those of Baikal, these amphipods are taltrids 
and the 11 species described belong to Hyaklla 
Smith, a genus characteristic of the freshwaters of 
both North and South America and the sole 
amphipod genus so far known from continental 
South America (Shoemaker, 1942). More will be 
said of this species association. 

According to Bavay (1906), nine genera of 
molluscs are represented in Lakes Titicaca and 
Poopo. Two genera appear to have species pairs. 
All other genera are represented by single species. 
It seems advisable to defer discussion of these 
molluscs until the latest collection has been studied. 

The three species associations to be considered 
are those of the Orestiinae, Hyaklla and Telma- 
iohius, Tchernavin’s thorough study (1944a) of 
the taxonomy of OresUas^ together with the little 
that is known of the ecology and distribution of 
its species, has made it possible to comprehend 


the problem involved. Tchernavin has arranged 
the 20 described species into four groups which 
are of generic or subgeneric rank. Not all four 
groups are equally well defined. Group II is the 
largest, with 8 species, all rather large in size and 
inhabiting streams, rivers, pools and lakes not 
only within the Aitiplano but also to the north as 
far as Lake Junin, Peru, and southward to Lago 
d’Ascotan, Chile, west of the southern end of the 
Aitiplano. Groups III, IV, and I, with 6, 4, and 2 
species represented, respectively, are restricted 
(with one questionable exception) to Lake Titi¬ 
caca. The two large-sized species of Group I are 
the only pelagic members of the subfamily, ac¬ 
cording to Tchernavin. The origin of these two 
dosely related pelagic species must date from a 
time when Titicaca was subdivided into at least 
two separate basins. A few specimens in which the 
characteristics of the two species are curiously 
combined have been considered hybrids by Tcher¬ 
navin. Carman described with great inexactitude 
a ‘Variety’’ of one of these species, 0 . pentlandii^ 
from the Urubamba River to the north of the 
Aitiplano. Tchernavin has not included this 
“variety” of Carman’s because of the inadequacy 
of the description. It is inherently improbable that 
one of the pelagic species from Lake Titicaca 
could have passed over the mountain range separ¬ 
ating the two drainage systems, although head¬ 
water species certainly have done so. 

The members of Group III, all of small size, 
occur in the shallow waters of Lake Titicaca. 
Tchernavin considers this a rather artificial group¬ 
ing. The four species of Group IV, on the other 
hand, apparently constitute a well-defined group 
which might be considered a genus. All species 
have been taken from greater depths of the lake 
than have any of the other species, viz., between 
20 and 38 m. 

All these species have undoubtedly originated 
within the Aitiplano through geographical isola¬ 
tion. 

The report on the amphipods taken by the Percy 
Sladen Trust Expedition has not yet appeared. 
Our knowledge of this group is based upon Faxon’s 
1876 report on the collections of the Agassiz- 
Garman Expedition of 1875 and Chevreux’s 
(1906) study of Neveu-Lemaire’s collections made 
in 1903. 

All 11 described species are members of the 
bottom communities of Lake Titicaca. None have 
been reported from saline Lake Poopo or any of 
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the other freshwaters of the Altiplano. Little is 
known of the intralacustrine distribution of the 
species. Agassiz and Garman collected from con¬ 
siderable depths (as great as 120 m.) several 
species which in their spinosity bear a resemblance 
to certain of the Baikalian gammarids. Neveu- 
Lemaire did not succeed in making collections at 
any great depth. The four new species which 
Chevreux described occur in shallow water, and 
four of Faxon’s deep-water species were not re¬ 
taken by the second expedition. It is probable that 
these species comprise a dock which had its origin 
in the lake. 

Telmatobius is more like Orestias than Eyalella, 
in that there is a widespread Andean duviatile 
species T, marmoratus, which inhabits most of the 
rivers and streams within the Altiplano. Morpho¬ 
logical comparisons accord with the distributional 
evidence in indicating that this species is more 
primitive than the two lacustrine species which are 
restricted to certain lakes of the Altiplano. One of 
these, r. cideuSj occurs in its typical form only in 
the Lago Grande, However, a distinctly different 
form, T. c, albiventris, inhabits Puno Bay, Lago 
Pequeho, and Lake Arapa, The populations in 
these three geographically discontinuous shallow 
waters are closely similar. Parker (1940) was un¬ 
able to decide whether these three populations are 
relicts of a population continuous in the recent 
geological pst, when the lake was higher, or whether 
they represent three geographical^ separate di¬ 
vergences from a population like the topical form. 
The second lacustrine species, T, escomeliy lives in 
the two Lagunillas to the west of Lake Titicaca. It 
will be remembered that these lakes are about 300 
m. higher than Titicaca and probably were never 
connected with the lakes occupying the door of 
the Altiplano. This species has apparently arisen 
from r. mamoratus independently of T. culem in a 
lake which probably included the two present 
lakes. Each of the two present Lagunillas has a 
peculiar subspecies. 

Lahe Ochrid 

This brief notice of the evolutionary problems 
presented by the fauna of Lake Ochrid is based 
primarily upon information marshalled by Stan- 
kovic (1932) in his review of the data concerning 
the lake and its fauna. 

■Lake Ochrid lies on the Albanian-Jugoslav 
border and is small relative to those with which 
we have'been previously concerned. Lake, Titi¬ 


caca is by far the smallest of these, and its Lago 
Grande alone covers an area over 20 times larger 
than Lake Ochrid (270 sq. km.). However, Ochrid 
matches Titicaca in depth. Its maximum depth, 
286 m., is five meters greater than any yet found 
in Titicaca and, like the Lago Grande, much of 
the bottom lies under more than 200 meters of 
water. For its size Ochrid is relatively deep. Its 
basin is regular and steep-sided. In some places 
it is possible to sound 230 m. only 300 m. from 
shore I All geologists who have studied the region 
agree that the lake occupies a graben formed or, at 
least rejuvenated, by recent down-faulting. The 
amount of surface run-off in the steep-sided de¬ 
pression largely occupied by the lake is small, most 
of the vi^ater being supplied by numerous and large 
springs both above and below the surface of the 
lake. The northern rim of its elliptical basin is 
low and over it the lake finds its outlet as the 
Brim River, flowing northward through Albania 
to the Adriatic Sea. 

The fauna of Lake Ochrid is not only distin¬ 
guished through the presence of a fair proportion 
of endemic subspecies and species, but also the 
majority of stocks are not those found largely 
expanded throughout the freshwaters of western 
Eurasia. 

A consideration of the fish fauna of Ochrid is 
illustrative. Thirteen of 18 populations are taxo- 
nomicaUy distinct. Ten of these are represented 
by populations best considered geographical sub¬ 
species. Two populations restricted to Ochrid are 
specifically distinct. A third is restricted to the 
Brim system (including Lake Scutari). There is 
not even one species pair, let alone any flocks in 
Ochrid, in which aspect this lake differs from aE 
of those previousi}?' considered. The fish fauna of 
that part of the Balkans draining into the Adriatic 
is distinct from that of the Banube basin and cen¬ 
tral Europe and even from that of the Balkans 
whose rivers fiiow into the Aegean. The western 
part of the Balkan peninsula most resembles 
southern Europe in the composition of its fish 
fauna, yet shows some indication of similarity to 
the freshwaters of northeastern Asia, The two 
salmonids of Lake Ochrid illustrate these patterns 
of distribution. Endemic Tndla dakanicm 
considered by Karaman (cited in Stankovid, 1932) 
to be similar to T. carpio of Lake Garda (Northern 
Italy). Berg (cited in Stanovi^, 1932) .placed; the 
oth^er endemic salmonid together with S, Musirm- 
trisy a Balmatiah ' endemic,' in ,'the genus Sd- 
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motkymm, whicb he related to the Siberian Brachy- 
mystex. The nearest relatives of at least two west 
Balkan genera of cyprinids {Paraphoxinus and 
Lemiscus) which occur in Lake Ochrid are to be 
found in northeastern Asia (Berg, in Stankovi^, 
1932). 

It has been previously mentioned that 13 of the 
16 known species of the oligochaete genus Lampro- 
dfilus live in Lake Baikal. One of these, L. 
pygfmem, also occurs in Ochrid as a subspecies. 
This remarkable link between Ochrid and Baikal 
has a parallel in X. isoporus, which was considered 
a Baikalian endemic until Svetlov (1936) reported 
a subspecies from Lakes Ladoga and Onega of 
Baltic Russia. The three specie^ which do not 
occur in these lakes live in northeastern Siberia, 
Macedonia, and Bohemia, respectively, which 
distribution strenghens the faunal similarity be¬ 
tween the Balkan region of Europe and the north¬ 
eastern'part of Asia. 

The rissoid (hydrobiid) snails of Lake Ochrid 
show southern European, Siberian, and also 
Fonto-Caspian affinities. Pyrgtda {Pyrgula), which 
is represented in dchrid by three species, is known 
to have only one other extant species, and that 
from Dalmatia and Lombardy, Two other rissoids, 
Trachyochrida filocincta and Stankovitia haicalii- 
jormis, are said to be allied to the Caspian Micro- 
fmlania and the Baikalian Baicdia^ but the degree 
of affinity is uncertain, not only because the taxon¬ 
omy of this entire assemblage of rissoid snails is 
unsatisfactory, but even more because both species 
are known only by empty shells (Polinski, 1932). 

As certain of the Ochrid stocks with relict dis¬ 
tributions are also found in other Balkan fresh- 
waters, Lake Ochrid cannot be regarded as a 
solitary stronghold where ancient species have 
maintained themselves against recent invaders. 
It is, on the contrary, but a part of the fresh- 
waters of the Balkan peninsula, which with their 
tremendous subterranean ramifications have been 
able to resist faunal changes. 

Our chief interest lies with the larger species 
associations of Lake Ochrid. Many are clearly 
associations which owe their origin to multiple in¬ 
vasions. Georgevitsch (1906) reported four species 
of the hygrobatid watermites of the genus Piona 
from Ochrid, all non-endemic. Two species of am- 
pHpods both belonging to the same subgenus.of 
Gammarus live in Lake Ochrid. G. {Rimlo- 
gammarus) ochridanus is an endemic representative 
of G. (R.) halcanicus which occurs in the Balkans, 


Crimea and Asia Minor. The other species is G. {R,) 
roeseli% a central European form which extends 
into the Balkans (ScheUenberg, 1937, 1943). The 
tubificid oligochaete Peloscokx is represented in 
Lake Ochrid by two species, P. stmkmci and P. 
tenuis (Hrabe, 1931). P, stankomci is an endemic 
species most closely related to the European P, 
velutinus. P. tenuis also occurs in Lake Prespa, a 
shallow lake several km, to the southeast of Ochrid 
and, according to at least one geologist, once con¬ 
tinuous with Ochrid. P. tenuis approaches the 
European P.ferox most closely and apparently rep¬ 
resents an invasion by this parent species or its 
ancestor relatively early in the history of Ochrid. 

Several other species associations can probably 
be attributed to multiple invasions, but the possi¬ 
bility of intralacustrine speciation cannot be 
eliminated. The most interesting example is that 
presented by another tubificid genus, IlyodriluSy 
with three species in Ochrid. 7. hammonensis is 
widely distributed throughout Europe, including 
Lake Prespa. Endemic 7. ochridanus is most like a 
population in Lake Prespa, considered as endemic, 
7. prespaensis. This and Feloscolex tenuis are the 
only recorded stocks which are restricted to these 
two lakes which may once have been united. The 
third species in Lake Ochrid, 7. isochaetuSy is also 
endemic. It has been impossible to surmise the 
relationship of these two endemics to other species 
of the genus. 7. hammonensis and 7. ochridanus 
are among the commonest oiigochaetes in Lake 
Ochrid, but 7. isochaetus occurred in only three 
bottom samples. However, in these three, the two 
common species were absent. K this distribution 
was not fortuitous, it is the only evidence that any 
closely related species in Ochrid have allopatric 
distributions. 

A major taxonomic problem is presented by the 
existence of four oligochaete species which are rep¬ 
resented by subpopulations with somewhat diff¬ 
erent but widely overlapping vertical ranges. These 
may have arisen either by multiple invasions or by 
intralacustrine cleavage. If these subpopulations 
indeed coexist, as they appear to, they must be 
reproductively isolated and probably should be 
considered species. They have been called “Forms.^’ 
Tubifex (Psammoryctes) ochridanus f. typica is 
characteristic of the deep water of Lake Ochrid, 
being replaced by /. variaUUs in the shallower 
waters, yet in shallow Lake Prespa typica alone 
occurs. This indicates that competition is im¬ 
portant in limiting the vertical range. In RMyn- 
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chelmis kofnareki, on the other hand, the difference 
between the forms is a matter of head shape, 
and has a precise parallel in the dimorphic 
Baikaiian R. brachycephalis, in which species 
abyssal specimens have shorter, rounder heads. 
These might be merely environmentally deter¬ 
mined differences in single populations. Hrabe has 
described three forms of Feloscolex stankovicia 
from Lake Ochrid. Adults of f. typica with 30-35 
segments average 6 mm. in length. The majority 
of the typica occurred deeper than either of the 
others. Adults of sublittoralis ranged between 12-18 
mm. in length with 60-70 body segments. A few 
specimens found at the very surface were 24 mm. 
long and had 115 segments. These Hrabe called 
liUoralis, Whether this is a single polymorphic 
population or three separate ones can only be 
decided by careful investigation. 

The last instance of a species with two Ochrid 
'fforms^^ has several peculiar aspects. The species 
in question, Eismiella ochridana, belongs to a 
lumbricid genus with amphibious habits. The two 
forms are profunda^ with the male genital pores on 
the 13th segment, and stankovici, with the pores on 
the 15th j the former was found in bottom samples 
taken between 20-250 m., while the latter has been 
taken only between 40-100 m. The widely spread 
European Eismiella tetraedra is the only lumbricid 
in which populations exist some of which have the 
male pores on the 13th, others on the 15th seg¬ 
ment. Curiously enough there is another aquatic 
lumbricid in Lake Ochrid, one which was named 
Allolohophora iacustris by Cernosvitov (1931), 
and which also occurs in two forms with the male 
pores on the 13th and 15th segments, respectively. 
Although this worm bears some resemblance to the 
previous one, Cemosvitov decided that it most 
resembled AUolohophora. Yet he has pointed out 
the near impossibility of generic assignments in 
the Lumbricidae. The taxpnomy and biology of 
these lumbridds need further investigation. 

Intralucustrine speciation must be considered 
probable in the origin of associations in two genera 
of snaOs and one among the turbellaria. The proso- 
branchiate snail Fyrgida and the puimonate 
Gyraidus have each an endemic subgenus in Lake 
Ochrid, in addition to several species. Fyrgida 
{Fyrgdd) has three species endemic to Ochrid. 
Only one other living species of this subgenus is 
known, and it lives in Lombardy and Dalmatia. 
Although the only known extant members of the 
subgenus Carimgyratdus^ four in number, are re¬ 


stricted to Lake Ochrid, the subgenus did not 
evolve in the lake, if the assignment of certain 
Miocene shells to this subgenus is correct (Stanko- 
vj6, 1932). The vertical distribution of the 
members of these two associations was given by 
Polinski (1932). F. (F.) Macedonia inhabits the 
zone from 5-20 m.; P. (P.) pavlomci is characteris¬ 
tic of the zone from 20-30 m.; P. (P.) wagneri 
is an abyssal form living below 50 m. One species 
of Carinogyraulus lives in the upper 5 m. of water; 
another is chieffy found betw^een 5-20 m.; the third 
is abyssal. The fourth species {paradoxd) was taken 
only once, in 1891. The horizontal distribution of 
these species is not known. 

Stankovi6 (1932) has recorded seven dendro- 
coelids (turbellaria) from Lake Ochrid and the 
springs feeding it. Dendrocoelum lacieum and D. 
nausicaae are known outside the basin, while the 
other five are restricted to it. D. nausicaae and the 
endemic species were ascribed by Stankovid and 
Komarek (1927) to a new genus Neodendrocoelum^ 
but Kenk (1930) has found no justification for this 
generic distinction, removing them to Dendro¬ 
coelum,. It is not possible to determine whether 
the five endemic species of Dendrocoelum constitute 
a species flock. D, jablanicensis is restricted to a 
spring on the north shore of the lake and D. st, 
naumi appears to occur only in springs on the 
south shore, from data given by Stankovic and 
Komarek (1927), although Stankovid (1932) did 
not explicitly state, as he did for the former species, 
that it is restricted to springs. D. nausicaae and 
D. maculaium have been taken both in springs and 
in the littoral zone of the lake. D. ochridense alone 
is stated to occur only in the lake, and has been 
taken in dredges at depths of 40 and 108 m. From 
its name it may be assumed that D. lacustre occurs 
in the lake, but nothing further has appeared con¬ 
cerning its ecology. 

Five dosely related species of the ostracodan 
genus Candona constitute the only indisputable, 
large species flock in Lake Ochrid. Klie (1939) de¬ 
scribed these from the deeper areas of the lake 
bottom (below 10 m.). The members of the flock 
(C. altaj media, trapedformis, aristaldla, and' 
depressa) are similar to the common European C, 
negkda. Although Holmes (1937), in his study of 
the littoral ostracods, reported a few specimens of 
C. neghcta from depths of 10-30 meters, Klie did 
not find this widespread species in the samples 
which he studied. It is probable that Holmes^ sped- 
mens actually pertain to an endemic species simi- 
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lar to C. neglecia. Two other ixon-eridemk species 
(C. Candida^ C, fabaeformis) and one endemic (C, 
triangulata) have been reported from Ochridj none 
of which are close to the neglecta group. 

Tvro other genera of ostracods, Linmocythere and 
Leptocythere, are each represented by three closely 
related species in Lake Ochrid, these having prob¬ 
ably evolved in the lake. Leptocythere was unknown 
from freshwaters until Klie (1939) described the 
three Ochrid species and a fourth from the Danube 
basin. 

In the present state of our knowledge the 
Candona group of five species is the largest associa¬ 
tion in Ochrid which has probably arisen through 
intralacustrine cleavage, with one or tw'o four- 
membered associations [Carinogyratdus and Den- 
drocoelum (?)] and several three-membered flocks. 
The general features of the vertical distribution of 
the members of some flocks are known and have 
been indicated, but the horizontal distribution has 
never been investigated for any, making it im¬ 
possible even to hazard a guess about the nature 
of the geographical barriers involved. The maxi¬ 
mum length of time within which these flocks have 
developed is uncertain. Probably the basin has 
held water since the late Pliocene, giving this lake 
an antiquity of the order of that of Lake Tan¬ 
ganyika. 

Lake Lanao 

Lake Lanao on Mindanao, Philippines, is slightly 
larger than Lake Ochrid, for it has an area of 375 
sq. km. and a maximum depth of 300 m. (These 
dimensions given by Herre, 1933, are at variance 
with those of Halbfass, 1922, who stated the area 
to be 900 sq, km. and the greatest depth 112 m.) 
The cyprinids are the only remarkable element of 
the fauna, there being 17 closely related species of 
these fishes in Lake Lanao and the waters con¬ 
nected with it, whereas no flocks are known among 
the other groups which have been investigated, 
although single endemic species occur. From the 
collections of R. Woltereck, who visited the lake 
on his Wallacea Expedition, Brehm (1933a) de¬ 
scribed an endemic copepod which he named 
Tropodiapimmis ^gmtomger for the two large eggs 
carried by the female. Balss (1937) described an 
endemic aab Farathelpma {Barythelpusa) woL 
terecM. 

Only the broad features of the geological history 
of this region of northwestern Mindanao are 
known, but it is apparent that Lake Lanao owes 


its origin to the damming of the headwaters of a 
mountain stream by a lava flow at some unknown 
time in the probably not too distant past. These 
impounded ivaters filled the deep ravine in which 
the stream had flowed, forming a lake deepest near 
the dam at the southern end. A trough, which was 
the river valley, trends north-south nearer the 
western shore. Great areas of shallow water, from 
4 to 10 meters deep, extend out from the northern, 
eastern, and southeastern shores. The water has 
overflowed the northwest corner of the lake and 
runs, as the torrential Agus River, to the not far 
distant ocean. The lower course of the river is in¬ 
terrupted by the Maria Cristina Falls, which drop 
65 meters (Herre, 1933). As Lake Lanao lies on an 
isolated plateau, it is completely cut ofl from the 
other freshwaters of the island. 

The poverty of the fish stocks is marked. There 
are only two fish, an eel and a species of Ophio- 
cephaliis, in addition to the cyprinid species flock 
which Herre w^as certain has developed from a 
single headwater species. The eel has apparently 
penetrated the lake through underground channels 
which can be seen emerging at the foot of Maria 
Cristina Falls. The presence of underground chan¬ 
nels is not surprising because that region of 
Mindanao is overlain coral rock. Herre believed 
that Ophiocephalus striata was introduced long ago 
by man, as has been done all over Malaysia. 

Barbodes binotatuSj a Malayan fish which has 
invaded the southern Philippines and spread over 
most of Mindanao, is considered the undoubted 
ancestor of the Lanao C 3 q)rinids, five of which 
exhibit sufficient morphological divergence to be 
placed in other genera. These three genera are dis¬ 
tinguished from Barbodes primarily by the struc¬ 
ture of the lower jaw. Mandibularia resinus^ the 
species most divergent in jaw structure, is also a 
fish of entirely different ecological relations from 
the other members of the flock, for it “has taken to 
life in the boiling eddies and swirling mad torrent 
of the Agus, the outlet of Lake Lanao^^ (Herre, 
1933, p. 160). 

Herre constructed a phyiogeny of the Lanao 
cyprinids and added what he had observed of the 
ecology of various lines. Barbodes tumha inhabits 
all of the mountain streams and lakes of the iso¬ 
lated Lanao plateau with the apparent exception 
of Lake Lanao itself. The adaptation of a species 
to life in the outlet has been mentioned. Four 
closely related species live in the clear water over 
bottom from 5 to 15 meters deep, from which grow 
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forests of Fotamogelon. Two of the largest species 
of BarhodeSj clemensi and nmnalak^ which live in 
this same ecological situation in Lake Lanao, also 
live in other lakes of the Lanao plateau. At least 
one species, B. haotilan^ is restricted to the deeper 
waters of Lake Lanao. Several other species dwell 
in the shallow muddy bays of this lake, which are 
tangled wnth aquatic vegetation. 

Herre has been the only investigator of these 
fish and he presented his 1933 summary^ with the 
express purpose of interesting some student of 


As the connections between the lakes makes it 
likely that some lakes are more easily invaded than 
others, it is necessary to describe the lakes and 
rivers before considering the species flocks and 
their possible origins. Reference to the map (Fig. 
8) will show that three of the five lakes, Matana, 
Mahalona, and Towuti, may be considered the 
central part of the system. The surface of Lake 
Matana is 382 m. above sea level and the rela¬ 
tively short Patea River which drains into Lake 
Mahalona descends 72 m., part of this drop oc- 



Fig. 8. Lakbs or the Isolated Malili Rivee System, Central Celebes 
(After Abendanon), 


speciation in this fascinating problem. So far no 
one has availed himself of this opportunity. 

Lakes of ike Malili River Drainage 

The lakes of the Malili River drainage of cen¬ 
tral Celebes are different from all of the previously 
discussed old lakes because they form a system of 
lakes partially isolated from each other and com¬ 
pletely isolated from other freshwaters. Most of the 
fauna is endemic, and many of the endemics be¬ 
long to nine species flocks, aH restricted to this 
lake system and having from two to eight mem¬ 
bers each. The members of a flock may inhabit the 
same lake or different lakes, or both. 


cuixing as a waterfall. The overflow from Lake 
Mahalona forms the Tominanga River which 
drains into Lake Towuti. The surface of Lake 
Towuti lies at an elevation of 293 m. The Tomin¬ 
anga River accomplishes this descent of 17 m* 
with only one series of rapids. Lake Towuti drains 
through the Malili River to the ocean at the head 
of the Gulf of BonL There are 11 waterfalls along, 
the upper half of the river’s course. The two smafl 
peripheral lakes, Wawbntoa and Masapi, are only 
indirectly joined with the central lakes. Wawonloa 
lies in the momtains to the east of Lake Towuti 
at an elevation of 586^m. 'and drains 'through'an 
intermittent stream into theTominanga',River just 









TABLE 10 

Distfibutim of sp>ecie$ flocks in lakes of MaliU River system 


S3PECIES 

KATANA 

KABA- 

lONA 

TOWtJTI 

WAWON- 

TOA 

MASAPI 

Crustacea—Prawns (Woltereck, 1937) 






CarMna masapi 

4- 

4- 

4- 

4 

4 

Cardina lanceolata 

+ 

4 . 

4- 



Cardina loikae 

4- 


4- 



Cardina spinata 

4- 


4- 



Cardina Imgkmae^ 



4“ 



Cardina iemdrostris 



+ (Lingkone) 



Cardina iowutensis 



+ (Southern end) 



Cardina opaensis"^ 

4- 





Ceustacea—Copepods (Brehm, 1936b) 



t 



Eodiaptomus woUerecki woUerecki 



’ 4- 



Eodiaptomus woUerecki matanensis 

4- 





Mollusca — PROSOBRANCH Snails (Kruimcl, 



1 



1918) 






Mdania palicolarum 


+ 

4 

4 


Melania masapensis 

1 




4 

Mdania patriarckali^ rare 

1 4- 





Mdania gemmifera J hybrids 

1 4- 





Melania towutica 



4 (Lodha) 



Mdania iowutensis 



4 (and Tominanga River) 



Mdania mahalonica 


4* 




Melania mahalonensis 


4- 




Mdania ahendanoni 




4 


Mdania sarasiAormn 



4(Lo6ha) 



Mdania lalemae 



4 



Mdania iominangensis 



4 (Tominanga River) 



Mdania instdae-sacrae 



4 (Lo6ha) 



Moelusca—Pelecypods (Kruimel, 1918) 






Corbicula matanensis 

4- 


i 



Corbicula muhalmensis 

t 

+ 




Corbicula tcrwutmsis 

I 


4 



Corbicula loihensis 



4 (Lo6ha) 



Corbicula masapensis . 





4 

Fish — Atherinibae (Aurich, 1935b) 






Tdmaiherina cdehmsis 

+ 

+ 

4 

4 


Tdmalherina ahendanoni 

4- 


1 



Tdmalherina honii 



4 



Faratkerina woUerecki 


4- 




Farathedna labiosa 




4 


Faratkerina striata 

i 


4 

4 


Faratkerina cyanea 



4 



Fish — Cyprinobontibae (Aurich, 1935a) 






Aplockmus marmotns 


4- 

4 



A plockdrus matanensis 

4* 





Fish — Gobiidae (Aurich, 1938) 






Glossogohius iniermedius 


4- 

4 



Glossogobius matanensis 

4- 


4 

4 


Siupidogobius fiampinnis 



+ 



Vaifmsa latifrons**" 

4> 

4- 

4 



Vaimosa sp.? 



4 




(13) 

(11) 

(26) 

(7) 

(3) 


t pelagic. 

* also in Lake Opa in SW. arm of Celebes. 
** also in River. ^ 
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above the rapids. Lake Masapi is much more 
completely isolatedj since its outlet, the Pongkeroe 
River, joins the Maliii River beiow^ the cataracts. 
According to Abendanon’s map, the Pangkeroe 
negotiates its descent of 434 m. without cataracts 
and its upper reaches are intermittent. 

All of the animals represented by species flocks 
in these lakes tolerate fiuviatile conditions. These 
lacustrine populations can presumably extend 
themselves downstream, and also upstream except 
over waterfalls. As we have no knowledge of other 
past connections or of how long the waterfalls of 
the extant rivers may have existed, we are forced 
to interpret the distribution of the species flocks 
in terms of the present physiography. The extent 
of Pleistocene sediments is indicated on the map 
(Fig. 8, stippled areas). 

A tabulation (Table 10) of the distribution of 
these species flock indicates that Lake Towuti 
has more species than either Mahalona or Matana, 
as might be expected from its downstream po¬ 
sition. The relative poverty of Lakes Wawontoa 
and Masapi is in accord with their relative isola¬ 
tion. 

The presence of half as many species in Matana 
as in Towuti is not what would be expected if the 
fauna of Lake Matana had been derived from the 
lakes downstream. One explanation, namely, that 
Lake Towuti is the center from which Lake 
Mantana was populated at a time when there was 
no waterfall in the Patea River, is not consistent 
with the presence of the only non-endemic prawn, 
Cardina opaemis, in Matana but not in Towmti. 
The most reasonable assumption is that large, very 
deep Lake Mantana was one important part of the 
present Malili system in which the antecedent 
freshwater fauna of the region persisted during the 
tectonic movements which Jed to the formation and 
isolation of this portion of the Celebes. Although 
Lake Matana itself is of tectonic origin (graben), 
its formation probably dates from the initiation 
of these earth movements, while the remainder of 
the system was likely shaped by later movements. 
It is possible that some part of Lake Towuti also 
acted as a refuge for the antecedent fauna. The 
presence in Towuti of several groups of closely 
related species not represented in Matana Qielama 
sarasinorum^ M, lahmae^ M. tominangensis, Cor- 
imula to-d^uimsis, C. loihensis^ Faratherind) can 
be adduced to support such a contention. How¬ 
ever, their presence is as reasonably interpreted 
as the divergent results of early invasions from 


Lake Matana, possibly before Lake Mahalona was 

formed. 

If it be assumed that Lake Matana is a center 
from which most if not all of the species flocks 

TABLE 11 

Interlacustrine disiribuiton of members of all Malili 
species flocks 
(Based on Table 10) 


Matana— 13 endemic species 

Matana only. 7 

Matana and Mahalona. 0 

Matana and Mahalona and Towuti. 2 

Matana and Towuti. 2 

All except Masapi... 1 

All five. 1 

13 

Mahalona— 11 endemic species 

Mahalona only. 4 

Mahalona and Towuti. 4 

Mahalona and Towuti and Wawontoa. 1 

All except Masapi. 1 

All five. 1 

11 

Wawonto.\— 7 endemic species 

Wawontoa only. 2 

Wawrontoa and Towuti. 1 

Wawontoa' and Towuti and Matana. i 

Wawontoa and Towuti and Mahalona. 1 

Wawontoa and Mahalona.. 0 

All except Masapi. 1 

All five. 1 

7 

Towtjti-— 26 endemic species 

Towuti only. 15 

(Single species with very close relatives in 
lake—3) 

Towuti species in Matana. 6 

Towuti species in lakes other than Matana. 5 

'' 26 

Masapi— 3 endemic species 

Masapi. 2 

All five,... 1 


3 


arose, it is then unexpected to find that Matana 
and Mahalona have no spedes which are common 
only to the two of them (cf. Table 10)^although two 
species are common to these-two lakes and Lake 
Towuti. It would appear that any s^pecies suf- 
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ficiently well adapted to fluviatile conditions to be 
'able to spread into Malialona from Matana is able 
to extend itself further downstream into Towuti 
andj in the case of two species, into other lakes as 
well. Further comment on the migration of species 
between lakes is unnecessary. The known facts are 
given in Tables 10 and 11, and their interpretation 
is left to the reader. 

The apparent occurrence of intraiacustrine 
speciation in both Matana and Towuti should be 
noted. There are four closely related species of 
Cardina, two of Melania^ and two of Telmatherina 
in Lake Matana, where the possibility of multiple 
invasions has been fairly certainly excluded. In 
Lake Towuti the species mentioned previously as 


graphically isolated and environmentally distinc- 
tive regions of the present Lake Baikal. The only 
reasonable explanation of their distribution pat¬ 
tern is that populations of these benthic organisms 
have been subdivided within the lake through the 
influence of geographical features. During their 
isolation these subpopulations have undergone 
genetic changes often of sufficient magnitude to 
effect reproductive isolation when the geograpical 
isolation breaks down. Subsequent interspecific 
competition results in the accentuation of adaptive 
differences. The high degree of ecological specializa¬ 
tion which characterizes many lacustrine species 
flocks is thus attained through the competition of 
closely related species. 


TABLE 12 


Geographical bases of intraiacustrine speciation 


GEOGSi-APHlCAi COOTIGUEATION 

PBOBABLE EXAMPLES 

ORGANISMS INVOLVED 

TYPE OP LAKE BASIN INVOLVED 

Subdivision of the lake into large 
basins with subsequent amalga¬ 
mation 

Baikal 

Tang.4nyika (?) 
!Matana (?) 

Benthic and pelagic 

Deep lakes with multiple basins 
(graben en echelon?) 

Formation of small peripheral 
lakes with subsequent reincor¬ 
poration 

Victoria Nyanza 
Titicaca (?) 

Benthic and pelagic 

Relatively shallow lakes in 
basins of low relief (small 
volume fluctuations or tilting 
produce great changes in 
area) 

Long coastline with large, eco¬ 
logically isolated stretches 

1 

Baikal 
i Tanganyika 
Nyasa 

Benthic 

Large elongate lakes 


not occurring in Matana (3 of Cardina, 3 of 
Melanuiy 2 of CorUcula and 2 of Paratkerina) 
have probably arisen within the lake. 

A possible geographical basis for the intra- 
lacustrine speciation in Lake Matana is its sub¬ 
division into two basins. A major fault line, trace¬ 
able as a scarp for many miles to the south, crosses 
Mantana between these two basins. The intra¬ 
iacustrine distribution of the fauna has not been 
studied. As Table 10 indicates, there is some evid¬ 
ence that members of the groups which have 
probably evolved in Lake Towuti have restricted 
distributions. 

' sTOHAay 

Epitomizing this discussion of speciation in 
ancient lakes, it may be said that the gammarids 
of Lake Baikal are the only species flock the intra¬ 
iacustrine distribution of whose members is known 
with, any degree of completeness. Many gammarid 
species and subspecies are restricted to geo- 


The restricted distribution of other species of 
gammarids, not so correlated with the present 
configuration of the lake basin, is explicable on the 
assumption of a single complete barrier effective 
in the geologically recent past. A partial barrier 
now exists on the site of the postulated complete 
barrier. 

The intraiacustrine distribution of not a single 
species flock of the African rift lakes, Tanganyika 
and Nyasa, is known. However, a consideration of 
the configuration of the basins of these lakes makes 
evident the possibility that intraiacustrine geo¬ 
graphical isolation has been responsible for the 
development of species flocks in these lakes as well 
as in Baikal. 

The geographical features involved m speciation 
in Victoria Nyanza are entirely different from 
those effective in the lakes previously discussed. 
Similar features may have been responsible for 
some of the speciation xn Lake Titicaca. 
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No information is available concerning the 
geographical features which may have been m- 
volved in the formation of the species Socks of 
the smaller lakes, Ochrid and Lanao. 

The isolated group of lakes of the Malili River 
system in the Celebes presents a geographical 
situation for the development of species flocks 
which is fundamentally different from that found 
in any of the single lake basins. 

Table 12 summarizes the t>’pes of intralacustrine 
geographical barriers and their apparent influence 
on species formation in ancient lakes. 
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TBis article contains essentially tiie text of an address on Outlook in Morphogenesis” 
delivered by the author at the International Symposium on Morphogenesis held under the 
auspices of the Centre National de la Recherche Scientifique in Strasbourg in July 1949. A 
French abstract will appear in the Proceedings of the S 5 anposium. Having the character of an 
essay, this paper does not aim to “cover” any particular ground. Topics and examples have 
been chosen for illustrative expediency, rather than on absolute merit. Citations of literature 
are confined, as far as possible, to recent reviews and monographs, and original articles are 
quoted only when special documentation appears to be particularly pertinent. 


INTRODUCTION 

M orphogenesis is once more 

coming to the forefront of biologi- 
cal interest, and its future becomes 
of immediate concern not only to 
biology, but to medicine and agri¬ 
culture as well. Progress in the field is vigorous 
and rapid, and although we cannot foresee whither 
it will lead us, we can tell by extrapolating from 
present trends the direction in which it is heading. 
The advance follows two main currents, the one 
aiming at the accumulation and analysis of data, 
and the other at the clarification of concepts. 
Morphogenesis is still in the transition phase from 
descriptive ‘‘natural history” to analytical sci¬ 
ence. In this transition, techniques have somewhat 
outdistanced concepts. Many of us use modem 
physical and chemical tools of great precision, 
but by applying them to problems formulated in 
the much less precise phraseology of an outdated 
era, we often end up with results that are equally 
unprecise and ambiguous. 

It is necessary, therefore, to bring our problems 
up to date. Considering their complexity, this is 
no easy task. There are tendencies to circumvent 
the difficulty by arbitrarily divesting the problems 
of their natural complexity. Then, operating with 
these oversimplified constructs, which barely re¬ 
semble the real phenomena, one is apt to arrive 
at conclusions that are equally far from reality. 
To those with a firsthand acquaintance with the 
facts, the oversimplified, often factitious and S3m- 
thetic notions of growth and difierentiation, which 
seem to guide some current applications of bio¬ 


physics and biochemistry to problems of morpho¬ 
genesis, appear remarkably unrealistic. The use of 
ambitious but loose terms such as “chemical or¬ 
ganizers,” “growth substances,” “differentiation 
hormones,” “embryonizing effects,” and so forth, 
has become a common occurrence. Cancer re¬ 
search is bringing ioto the study of morphogenesis 
recruits in increasing numbers. Many of them 
innocently fall for such catchwords, laboring 
under the illusion that they are heading for key 
solutions to the riddles of development. They 
would gladly redirect their efforts if those closer 
to the facts were to give thern more correct and 
more precise information as to just where the 
real problems lie and how they look in reality. 
To give a single example, it seems to me utterly 
misleading to continue to represent to the outsider' 
“the induction of the nervous system” or “the 
action of the organizer” as if they were simple, 
single, unitary, and elemental processes, now that 
we have definitely established that they are not. 
One could enumerate a substantial list of similar 
misrepresentations which in the long run hamper 
progress because they obscure the issues which 
they purport to clarify. 

To be sure, impressive progress is being made 
despite the traditional muddle in our concepts. 
This is due partly to the fact that those familiar 
with the phenomena have mentally outgrown the 
old-fashioned concepts and have made the proper 
adjustments and rectifications in their own minds 
as they went along, without makh^ this e^lidt 
to the “outsiders.” For instance, most of those 
who have thoughtfully worked on amphibian de- 
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velopment will readily admit that the term “or¬ 
ganizer/’ which they use as a shorthand label for a 
known phenomenon, certainly does not deserve 
the universal connotation originally attached to it, 
of being the master principle of embryonic or¬ 
ganization. However, those unfamiliar with the 
background and evolution of the problem mis¬ 
construe the term in just this sense and are ac¬ 
cordingly misdirected in their thinking and even 
in their experimentation. 

There can be no question but that the early boom of 
work on the “organizer” arose largely from the belief, 
or at least the hope, that it would bring a fundamental 
solution of the problem of embryonic organization. 
The very choice of the term bears this out. Serious argu¬ 
ments were voiced to discourage trust in a single and 
elementary solution of the problems of embryonic de- 
terminatioii (Harrison, 1933; Weiss, 1935), and indeed, 
further work disproved the original one-sided connota¬ 
tion. The term “organizer” thus turned out to be a 
misnomer (Weiss, 1939a), yet, although this has been 
clearly recognized by many, including its originator, 
Spemann (1939, p, 367), common usage will not easily 
discard it in favor of a more pertinent and less preten¬ 
tious term. 

The situation in morphogenesis is not unlike 
that in gunnery. Even with the most perfect 
barrel and firing mechanism, hits will be few if 
the target either is blurred or moves around er¬ 
ratically. Therefore, future progress in the study 
of morphogenesis will depend significantly on 
whether or not shall succeed in emulating the 
exact sciences by dearly marking and steadying 
our targets; that is, by describing the phenomena, 
problems, and results in objective, concrete, and 
unambiguous terms and units. 

jom. AS rORMATIVT PROCESS 

The first task along this line is to translate the 
conventional terms of descriptive morphology, 
largely gained from plain observation, into what 
might be called “instrumental terms.” We must 
form the habit, for Instance, of viewing the shape 
of a given ceE, tissue, or organ not as a static fea¬ 
ture, but as a phase, transitory or terminal, in a 
continuous chain of transformations; as a cross 
section through a stream of processes proceeding 
in time. Every morphological criterion is but an 
expression of antecedent processes that have con¬ 
tributed to its formation. Distance, in this version, 
becomes,ap'/Mo:attractions, separations, 
intercalations, etc.; shape, other than spherical, 


the result of distortions due to elongation, secre¬ 
tions, shifts, contractions, expansions, differential 
growth, and the like; coloration, the result of 
chemical transformations yielding end-products 
which reflect and absorb certain wave lengths of 
incident light, plus such factors as aid in the pro¬ 
duction, destruction, accumulation, or dispersion 
of those chemicals. This is a way of thinking which, 
when applied to even the simplest process of 
morphogenesis, immediately reveals our dearth of 
exact knowledge. How does a cell layer double 
over to form a fold? How does a cell cord (e.g., 
the epimere) become cut up into segments? Is a 
forked structure due to collateral budding or 
terminal Assure? Does a solid cell mass become 
hollow by secretion, by cell resorption, or simply 
by elastic retraction? What are the differences, in 
terms of the underlying engineering processes, 
between a straight and a spiral tube, between a 
smooth and a coirrugated surface, between anasto¬ 
mosing and blind arborizations? Innumerable such 
questions will have to be answered before we can 
turn our full attention to the broader issue of why 
thmgs happen as they do. 

The same need for more pertinent and precise 
description applies to the traditional concept of the 
ceil. While cytochemistiyq on the one hand, is 
bringing forth a wealth of detailed information 
(see Lison, 1936; Hoerr, 1943; Brachet 1945), 
common usage in embryology still has the cell 
“do” this or that, draws over-all balances of its 
activities and, in general, treats it as an elementary 
unit, overlooking its enormous inner diversity, 
heterogeneity, and variability. Although we ac¬ 
knowledge the existence of morphological sub¬ 
divisions, such as the nucleus, nucleolus, cyto¬ 
plasmic inclusions, mitochondria, and a membrane, 
we leave the matrix of the system, the so-called 
protoplasm, essentially unresolved. We generally 
concede to it “organization,” but remain non¬ 
committal as to the precise implications of this 
term. To the microscopist, whether he uses visible 
light or electron beams, protoplasm appears to 
possess a static mechanical framework as back¬ 
bone of its organization. To the general physiolo¬ 
gist, it is often no more than a colloidal solution 
contained in a more rigid membranous bag. The 
former view is hard to maintain in view of the 
great mobility of the cell content, while the latter 
view, of course, fails to explain how the orderly 
spatial segregation of the various disparate ceE 
activities can l>e maintained without an under- 
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lying framework. We are faced here with an his¬ 
torical, but as yet unresolved dilemma. And since 
growth is essentially an increase in protoplasm, 
and differentiation a transformation of protoplasm, 
better insight into the nature of protoplasmic or¬ 
ganization is prerequisite for the understanding 
of morphogenesis (see Seifriz, 1942). 

MOLECULAR ECOLOGY 

Mindful of this state of affairs, I have in recent 
years tried to sketch a concept of protoplasm 
which, however imperfect it may be, at least tries 
to present the cell in a more realistic and less 
symbolic light than before, and at the same time 
lends itself to experimental veri&cation. This con¬ 
cept portrays the cell as a complex population of 
interdependent molecules and molecular com¬ 
plexes, whose behavior depends on the local 
physical and chemical conditions prevailing in the 
space which they come to occupy. These con¬ 
ditions assume the presence of an organized and 
relatively invariant pattern along ah existing 
interfaces, such as the cell surfaces, nuclear sur¬ 
faces, chromosome surfaces, surfaces of filament¬ 
ous and globular cell inclusions, and so on, and 
this over-all order of conditions produces, pre¬ 
serves, and after disturbance restores the typical 
heterogeneous distribution of the various molecu¬ 
lar species, despite their high degree of mobility. 
Since this concept of a ^^molecular ecology” of the 
cel has been treated more fully on previous occa¬ 
sions (Weiss, 1947; 1949a; 1949b), it may suffice 
here to quote the following summarizing state¬ 
ments. 

'‘Each cell and organized cell part (nucleus, chromo¬ 
some, etc.) consists of an array of molecular species 
whose densities, distribution, arrangement and group¬ 
ings are determined by their mutual dependencies and 
interactions, as well as by the physical conditions of 
the space they occupy. These species range from the 
elementary inorganic compounds to the most complex 
‘key’ species characteristic of a given cell Chemical 
segregation and localization within the cell result from 
free molecular interplay, as only groups of elements 
compatible with one another and with their environ¬ 
ment can form durable unions. The behavior of both 
developing and mature cells, as well as their restitution 
and regulation after disturbance, are faithfully de- 
saibed by this concept.... Among the principal 
segregative factors of molecular mixtures are int^- 
faces. Interfadai forces between partly immiscible 
molecular populations concentrate certain selected 
molecular ^ecies of the interior along the border. By 


their surface positions, these border species acquire 
power over the further behavior of the enclosed system. 
This is due partly to their common orientation relative 
to the interface, which increases their structural co¬ 
herence and chemical combining faculty, and partly to 
their control over substance exchange across the border. 
Various considerations suggest that in biological sys¬ 
tems the fixation of a given molecular species in a 
surface is not due solely to unspecific factors such as 
surface tensions, adsorptions, etc., but that in ad¬ 
dition, highly selective chemical affinities are involved. 
These may be based on the steric interlocking of 
characteristically shaped end groups of the surface 
molecules of adjacent systems.” (Weiss, 1949b, p. 476). 

I note that the concept of “molecular ecolog}'-” 
has found favor with some highly competent 
students of ceEuiar biology (Monod, 1947; Lwoff, 
1949,1950; Schmitt, 1949). This seems to confirm its 
pragmatic value. Whether it will prove adequate, 
only the future can tell. Its main merit for the 
moment is that it presents us with a workable 
model of the cell by which the problems can be 
stated with greater precision; it helps us “focus 
our target.” 

One of its immediate effects is to show us a way 
of bridging the gap between chemical action and 
physical structure. Moiphogenesis is the develop¬ 
ment of structures in space. Modification of 
morphogenesis by chemical agents has become a 
fruitful field of investigation (cf. Child, 1941; 
Needham, 1942; Lehmann, 1945). But while the 
effects of chemicals on some physical properties of 
protoplasm such as viscosit}^ fiber formation, 
cohesion, adhesion, etc., have been demonstrated, 
an exact knowledge of just how chemical action 
can produce or modify physical structures in such 
specific ways as are displayed in morphogenesis is 
still wantiag. Here the concept of molecular 
ecology promises to furnish one of the missing 
links. For details, however, we must refer to the 
previous publications and some further comments 
made later in this article. 

From these more genera! remarks let us now 
turn to the consideration of a few of the key 
problems in morphogenesis to see where some 
future advances have either already been inaugu¬ 
rated or can at least be reasonably expected. We 
shall single out for brief comment aspects of dif¬ 
ferentiation, growth, histogenesis, regulation, in¬ 
duction, and cellular reproduction, realizing the 
non-representative character of our arbitrary 
selection. 
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DliTERENTIATlON AND ITS CRITERIA 

As I have pointed out on an earlier occasion 
(Welssj 1949a), we must clearly distinguish be¬ 
tween the process of differentiation on the one 
hand, and its visible criteria on the other. Most of 
the morphological aiteria of cells and tissues 
usually described as ^^differentiations/^ as for in¬ 
stance contractile ibrils, pigment granules, secre¬ 
tion bodies, etc., are end products, hence indica¬ 
tors, of cellular manufacturing processes. Different 
end products indicate differences in their respec¬ 
tive formative mechanisms. Such differences may 
be due to intrinsic differences in the constitution 


It has also been proven by the evidence of ex¬ 
perimental embryology that the constitutional 
differentials among cell strains arise progressively 
during ontogeny. Cell strains from the same source 
and originally of identical character gradually 
assume divergent characters. 

The diagram, Fig. 1, represents this situation in 
schematic form. It shows how cells of equivalent 
constitution derived from the same germ layer 
give rise to ceil strains which have acquired dif¬ 
ferent properties. These strains continue to dicho¬ 
tomize into further subdivisions until in the end 
the various specialized cell forms of the mature 



of the cels involved or to differences in the cellular 
environments. The critical test lies in transferring 
such cells to a common enwonment (e.g., tissue 
culture) whereupon, in the former case, they retain 
their distinctions, whle in the latter case, they 
revert to a common type. 

It has been found convenient to confine the 
term ‘^differentiation” to the appearance of in¬ 
trinsic and irreversible differentials among cell 
strains, in contradistinction to the varying and 
often reversible expressions which cels assume in 
response to different environments, and which 
have been termed ^‘modulation” (Weiss, 1939a). 
In studying experimentally the case for and against 
true differentiations in this restricted sense, it has 
definitely been established that they are the rule in 
tlie various tissues of al mature higher animals. 


body appear. However, in the transition stages, 
as well as in the terminal stages, each cel is stll 
capable of undergoing a variety of adaptive modu¬ 
lations in the course of which descendants of 
widely differing types may assume some morpho¬ 
logical and physiological resemblance, without 
losing their t 3 q}e specificities. An example is the 
formation of phagocytic cel forms of the appear¬ 
ance and functional characteristics of macro¬ 
phages (histiocytes), which can be obtained from 
musde (Chevremont, 1945), connective tissue 
(Bloom, 1937), glia cells (Weiss, 1944a), sheath 
ceils of nerve (Weiss and Wang, 1945), yolk sac 
epithelium (Thomas, 1937), and perhaps stil 
other tissues. The main point to remember is 
that in spite of assuming certain common func¬ 
tional aspects, the derivatives of these various 
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strains also retain some marked distinctions as 
indelibie traces of their past ontogenetic differen¬ 
tiation. 

In assessing the case for true differentiation, the 
mere retention of different specialized equipments in 
the very ceils that were transferred to a common en¬ 
vironment would not be crucial, for this could be as¬ 
cribed to stractural inertia. What makes the case 
conclusive is the fact that those ceils proliferate many 
generations of new cells, and that these descendants, 
even though remainmg in the common environment, 
continue indefinitely to carry the earmarks of their 
respective strains (Bloom, 1937, Thomas, 1938). While 
the occurrence of irreversible differentiation is thus an 
incontrovertible fact, the extent to which it occurs is an 
empirical problem, which has to be answered for each 
given case separately. The wide limits within which 
ceil varieties of the mesenchyme, for instance, can still 
transfonn into one another marks them as modulations 
rather than subdifferentiations. This is strikingly cor¬ 
roborated by the study of regeneration in amphibians, 
in which the blastema cells derived from various 
mesodermal tissues of a given organ are equipotential 
(see Weiss, 1930). Those from a limb can produce ail 
the mesodermal parts of a new limb, but not, for in¬ 
stance, of a new tail (Polejaiev, 1936), tail and limb 
mesenchjmae as such being presumably true differen¬ 
tiations (contrary to earlier indications, Weiss, 1927; 
see Weiss, 1939a, p. 477). Recently, the startling claim 
has been advanced that most of the cells of a limb- 
regenerate spring from the epidermis (Rose, 1948). 
This would imply that adult epidermal ceils after *Me- 
differentiation’^ give rise to muscle and cartilage. That 
the epidermis exerts some essential influence in the re¬ 
generation process has been known (Polezajew and 
Faworina, 1935); that some of its ceils may escape into 
the blastema is quite credible; but from this to the 
assertion that they actually take part in the formation 
of the deeper limb tissues is a rather broad jump. 
Since this assertion is based solely on unconvincing ob¬ 
servations and crude calculations, without crucial ex¬ 
perimental support, it can hardly stand up in the face 
of overwhelming experimental evidence to the contrary, 
some of it (Hertwig, 1927), in fact, unreservedly quoted 
by Rose himself. It would take more convincing evi¬ 
dence to supersede the well-founded thesis that the 
various differentiated ceil strains of the mature body 
are no longer equipotential and omnipotent. 

By all judicious accounts, differentiation implies 
irreversibie change. What remains to be deter¬ 
mined is which part of the cel, or rather which 
fractions of its molecular population become trans¬ 
formed in the gradual process of specialization, and 
what other parts are exempted and persist in their 


primordial stage. Wt shah return to this point 

further below. 

One of the difficulties with which we are faced 
in the study of cellular differentiation is the lack 
of more pertinent criteria than those furnished by 
mere morphological observation. Morphological 
criteria are incomplete, too late of appearance, 
and actually deceptive through their failure to 
reveal basic constitutional differences among 
morphologically similar cells. II drugs, hormones, 
radiations, viruses, etc., after general application 
affect certain cells to the exdusion of others, this 
proves the existence of differentia! suisceptibiitte 
'and selectivities in the responding cells for which 
we have as yet found no othei» measure than just 
that differential response to the agent. Phamia- 
cology offers numerous examples of a given drug or 
hormone affecting one portion of the vascular 
system quite differently from another, or singling 
out one nerve center from others, or one type or 
area of connective tissue in contrast to another. 
These physiological distinctions constitute valid 
proof that the body contains a much greater 
variety of differentiations than can be discerned 
morphologically. The same conclusion |nust be 
drawn from the following fact|. Different areas of 
epidermis in the fowl respond to stimuli from the 
same papilla by forming different types of feath¬ 
ers (Wang, 1943). Different parts of the vascular 
tree are intrinsically different in their chameteris- 
tic growth patterns (Scharrer, 1940). Different 
parts of the epithelia of the reproductive tract 
respond differentially to hormones (Moore, 1944). 
Each musde possesses a biochemical sign dis¬ 
tinguishing it from ail other non-homologous 
muscles (Weiss, 1936). AH of these signify basic 
differences in the respective tissues which could not 
be discerned by microscopic inspection. The list 
could, of course, be greatly expanded. 

The same reasoning applies to the developmen¬ 
tal history of differentiation. The crad^ test of 
differentiation is not different morphological ap¬ 
pearance but differentia! behavior based on dif- 
^ferential constitution., Eventually such bdiavior 
may lead to morphological distinctions, but If so, 
it precedes them. Therefore, ail morphological dis- 
tinctions are antedated by premorphological dis-^ 
, tinctions,^ the , demonstration of which cais for 
discriminatory tests by other than morphological 
techniques. One such tet is impiidt in Wadding- 
ton’s (1932) concept of “competence.” This term 
refers to the 'fact that cells change their refuse 
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patterns during development without expressing 
this change by convenient external signs. On the 
thesis that differences in response (under other¬ 
wise comparable conditions) must be based on 
differences of material constitution, deduced 
changes in “competence^’ may be regarded as a 
natural corollary and index of progressive pre- 
morphological differentiation. 

PREMOHPHOLOGICAL DIFIFERENTIATION 

Although the day seems still pretty far off when 
it will be possible to gauge and describe a given 
ceil stage in terms of its actual properties, rather 
than indirectly by assaying developmental re¬ 
sponses, certain hopeful approaches are opening 
up. One approach lies in tracing the developmental 
histoiy^ of specific proteins that appear in the 
course of cellula-r differentiation. In first approxi¬ 
mation, this can be done by determining the 
emergence of known proteins, such as myosin 
(Herrmann and Nicholas, 1948) or defined en¬ 
zymes (Flexner, 1946, 1948; Boell, 1948; Holter, 
1949). For purposes of diff'erentiai diagnosis of 
cell differentiation, however, one would have to 
design much more refined cytochemicai methods 
than are currently available. A more indirect way 
lies in the identification of proteins and protein 
differentials by their specific antibodies. Immune 
reactions to specific organ extracts can in many 
cases be demonstrated by the selective response 
of the homologous organs to the corresponding 
antibodies (Loeb, 1945; Landsteiner, 1946). Some 
years ago we started experiments to test the pos¬ 
sible effect on embryonic organ growth of injected 
antibodies against the homologous organs (liver, 
kidney, and muscle in the chick). The results sug¬ 
gested the existence of a specific effect (Weiss, 
1947), but they are in need of repetition and exten¬ 
sion, and particularly the discriminative sharp¬ 
ness of the specificities involved remains to be 
demonstrated (Irwin, 1949), Research along similar 
lines has since been taken up by other laboratories 
(Pomerat, 1949; Grunwaldt, 1949). 

We have continued the experiments recently in 
combination with radioactive tracers Gointly with B. 
H. Campbell). This was done by building a Cu chain 
into the organ-antibodies and then injecting the tagged 
material into the yolk of developing chick eggs. Any 
accumulation of the tagged material in the homologous 
organs would be evidence of selective absorption. Prior 
lets with Cu-tagged glycine injected into the yolk 
(jointly wi:th ^ J. W. ■ Satinders nad H.'' Holtzer) had 
shown ready accumulation of the active compounds 


in the embryonic tissues, and hence proved the feasi¬ 
bility of the method. Unfortunately, the tagged anti¬ 
body preparations up to now have not had both a 
sufficiently high immune titer and a sufficiently high 
radioactivity to produce conclusive results. 

By some such technique it might be possible 
to trace back organ specificity into its embryonic 
histor}^ and to reconstruct an “ontogenetic tree” 
of differentiations, much as phylogenetic relations 
have been established by serological tests (see 
Boyden, 1942). 

Another technique of tracking down biochemical 
ontogeny lies in the application to the embryo of 
chemical agents with known organ- or tissue-specific 
effects in the adult. As a first test, we have injected 
xanthopterin into chick embryos, since this drug has 
been reported (Haddow) to have a selective stimulating 
effect on mitotic activity in the kidney of the adult 
mouse (in addition to general hematopoietic effects). 
The point was to investigate how early in development 
such an effect on the kidney or the kidney precursors in 
the embryo could be demonstrated (M. W. Cavanaugh, 
collaborating). Thus far, we have been able to show no 
other than toxic effects on the embryonic Iddney, either 
when applied to the embryo itself or to embryonic 
tissue cultures containing xanthopterin (kindly sup¬ 
plied by Br. Haddow, London). However, with the 
rapid growth of chemotherapeutical research, an in¬ 
finite number of similar tests could be devised (e.g., 
possible effects of triazin on embryonic intestine), and 
work in this direction would seem well invested. An¬ 
other lead worth investigating would be detection of 
incipient differences in embryonic tissues with respect 
to compounds that happen to be accessory growth 
factors for mutant strains of bacteria or fungi and, 
therefore, could be assayed by the addition of their 
extracts to deficient growth media. 

For earlier stages of development, the splendid 
analysis of the differential action on different parts 
of the developing egg or embryo of specified diemi- 
cals, such as lithium, sulfocyanate, amino acids, 
etc. (Lehmann, 1945; Hdrstadius, 1949; Ranzi, 
1949; Lindahl, 1942), have brought us nearer an 
; understanding of their mechanism of action. When 
properly evaluated, the results of this “chemical 
teratology” belong rightfully in the category of 
differentiation tests here advocated, since they 
not only expose, but actually identify, latent dil- 
' ferences in protoplasm which are of developmental 
! significance. 

AmNITIVE RELATIONS (“COAETATION”) 

Although the physico-chemical detection of pre- 
morphological differentiation among cell strains 
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is thus still largely a matter of the future, one 
discriminative biological test is already at hand, 
and that is the capacity of the cells to tell each 
other apart according to their kinds. Thus we 
may use the cells themselves to do us a service 
which our anab^icai tools have not yet mastered. 
The model of this test lies in the classical experi¬ 
ments on dissociation and reassociation of coel- 
enterates, hydroids, and sponges (see Brondsted, 
1936). In those experiments, cells of a given kind 
were found to recombine with their own in prefer¬ 
ence to other kinds. The result is a self-sorting of 
cell types. The mechanism of selection does not 
seem to lie in specific attraction among homologous 
cells but rather in the fact that, upon making con¬ 
tact, matching combinations remain together 
while non-matching ones do not endure. 

Similar affinities and disaffinities among ceils of 
compatible or incompatible kinds have been de¬ 
scribed by Holtfreter (1939) in the early develop¬ 
ment of amphibians, the only diffierence being that 
in his cases cell groups rather than individual cells 
constituted the discriminative units. Cell groups 
which at an earlier stage are compatible gradually 
develop mutual incompatibility leading to segre¬ 
gation. This is clear evidence of a true biochemical 
divergence in the respective ceU Inies, hence of 
premorphological differentiation. In expanded 
form, this concept has, as I have tried to demon¬ 
strate (Weiss, 1947), fundamental implications for 
morphogenesis. It seems that ceils, as a corollary 
of their differentiation, develop surface constitu¬ 
tions which render them adhesive to surfaces of 
the same or of fittingly complementary constitu¬ 
tion, but unfit for association with non-conform- 
ing types. All during ontogeny cells and cell 
groups undergo extensive shifts, which bring 
about major changes of position, and hence, of 
mutual relations. During the resulting recombina¬ 
tions, permanent unions seem to be initiated by 
the active surface bonding of matching cell types, 
rather than by sheer mechanical cementing. In 
order to become settled, a cell must be fully ad¬ 
justed and equilibrated with the conditions pre¬ 
vailing along its various surfaces, including its 
neighbors of the same kind, adjacent cel layers, 
the intercellular matrix, and the liquid media 
bathing its free portion. This relation may be 
designated as ^'coaptation.^’ 

Coaptive relations are outlined diagrammatic- 
aly in Fig. 2. The top strip shows an epithelium 
whose cels A are adjusted to lateral association 
with similar cels A, to basal association with a 


cell type C, and to exposure to a medium B. The 
arrows at the right indicate compatible combina¬ 
tions in solid lines; incompatible ones in broken 
lines. The middle strip illustrates the unbalancing 
of the cell in consequence of a change of medium 
B to B'. The outer surfaces become unstable, and 
such cels may become motile. The same occurs 
when the lateral association among cells of the 
type A in a layer is severed so that a surface 
formerly bordering on A becomes exposed to a 
medium B. This is the case after injury, and it 
explains the automatic mobilization of the cels 
along the border of a wound, which is the primary 
response in wound healing. Evidently, any cels 


B B 



y 2 


Fig. 2. AEnnuTY Relations in Epithexium (left) 
WITH Relation Diagrams (right) 

^ Ful arrows indicate conformance of conditions (ac¬ 
tive “bonds”); interrupted arrows, non-conformance. 

with unsaturated lateral “valencies” will keep on 
the move until they are completely surrounded by 
cels of their own or a related kind, when the con¬ 
dition of coaptive stability has again become 
satisfied. The mechanism that sets cells in motion 
at the beginning of wound heaMng and stops them 
again after its completion thus appears to be 
merely a special case of the more general principle 
of selectivity, in cell association and dissociation. 

The bottom strip of the diagram finaly shows 
what may happen when one cell of a group be¬ 
comes altered internally, for instance, as a r^ult 
of somatic mutation. In changing from A to A', 
it loses coaptation with all surrounding S3rstems 
A, B, and C, and isolates itself or is expelled. As Is 
indicated 'in the rdations' diagram on the right, 
loss of affinity to A, B, and C could conceivably 
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be accompanied by an increase in tolerance for' 
less specific conditions Y and Z, which would 
allow the ceil to survive under conditions under 
wMdi it could formerly not have persisted. Form- 
alyj this depicts the behavior of cancer cells, 
particularly their estrangement from the mother 
tissue^ invasiveness into other tissues, and capacity 
to become lodged in atypical locations. However, 
to fill this formal picture with factual content re¬ 
mains a task for the future. 

The subtle means by which cells can recognize each 
other and their appropriate environments are still 
wholly conjectural. That their methods of identifica¬ 
tion are sharply discriminative can be demonstrated by 
bringing them together in atypical combinations. We 
have started a systematic investigation of this phe¬ 
nomenon (jointly with J. Chiakuias) by (a) interplant- 
ing fragments from various differentiated tissues of the 
amphibian larva in the gelatinous tail fin, which fur¬ 
nishes a vascularized, but othenvise rather neutral, 
testing ground; and (b) grafting patches of various 
epithelia (gut, cloaca, lung, etc.) into skin defects. 
Left to itself, a given tissue fragment (liver, pancreas, 
cartilage, kidney, etc.) readily fuses intimately with 
any other fragment of the same or of a related type, 
but retains a demarcation line against unrelated types. 

I have tentatively suggested that the specific 
“recognition’’ may consist of the formation along 
the cell surfaces of specific stereochemical bonds 
between matching macromolecules in adjacent 
cells, comparable to the interlocking of antibody- 
antigen systems (Weiss, 1941, 1947). Whether the 
specific surface action is exercised by the outer¬ 
most layer of the cytoplasm itself or by some film 
of specific exudate which no longer forms part of 
the living system, makes little difference in the 
present context. Yet, it is noteworthy that ceils 
quite commonly exude macromolecular films which 
have important effects on cell behavior (Frieden-: 
waid, Buschke, and Crowell, 1945; Weiss, 1945), 
which have been suggested as intermediary bind¬ 
ing agents between ceils (Chambers, 1940; Schmitt, 
1941), and which have been shown in protozoan 
cells to be the seat of serological reactions (Harri¬ 
son and Fowler, 1946). The problem is somewhat 
complicated by the fact that the primary adhe¬ 
sive forces are secondarily reinforced and perhaps 
fully supplanted by intercellular fiber cements. 
Calcium seems to be an important factor in this 
process (Coman, 1944), but can obviously not 
account for the selectivity of the bonding. 

' It must be kept in mind that coaptation implies 
not jonly molecular surface conformance but also 


harmony with all mechanical and physiological 
manifestations of the surrounding cellular and 

non-cellular systems. 

COOTACT REACTIONS 

Once again, we are made to realize the necessity 
of revising the conventional concept of the cell in 
morphogenesis by giving the physical aspects of 
molecular behavior greater prominence. Those who 
accepted the ceE as a relatively uniform elemen¬ 
tary unit naturally came to regard chemical effects 
mainly in stoichiometric terms, that is, with the 
emphasis on composition, dosages, concentrations, 
and rates, but with little regard to spatial micro- 
organization. However, as soon as the picture of 
the cellular unit is resolved into that of a highly 
organized population of interacting molecules and 
molecular aggregates, stereochemical properties, 
molecular structure, shape, orientation, alignment 
and, more generally, physical order, assume de¬ 
cisive significance in the determination of bio¬ 
logical events. The concept of molecular ecology 
embodies this change of emphasis, for it illustrates 
how interfaces, by selectively adsorbing, orienting, 
and aligning molecular key species from the cellu¬ 
lar content, produce the physical conditions of 
spatial order which enable stereochemically com¬ 
plementary compounds, such as antibody-antigen 
or enzyme-substrate systems, to interact most 
effectively. According to this concept, the follow¬ 
ing would happen when a cell comes into contact 
with another body whose surface is settled with 
molecules with specifically formed end groups 
oriented toward the oncoming cell. As the agitated 
molecular population of the moving cell passes in 
review, as it were, before the stable molecular 
front of the outer surface, molecules of conform¬ 
ing configuration will be trapped by their corre¬ 
spondingly shaped counterparts. Thus, a specific 
fraction of the cell content will gradually become 
concentrated and segregated along the contact 
surface. Since these surface molecules, by virtue 
of their orientation, might serve not only as anchor 
points for the adsorption of additional molecules 
from the interior, but also perhaps as specific 
catalysts of reactions inside the cell, a whole train 
of events determining the further chemical histoiy 
of the cell has thus been set into motion. It can 
readily be seen that the dhemical fate of a cell on 
contact with another does not depend merely on 
what substances are present in it, but also on the 
strategic advantages given to one or another 
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segment of the molecular population according to 
the chemical character of the contact surface. 

This condition is illustrated diagrammatically 
in Fig. 3, which shows two epithelial cells in three 
consecutive stages. Large molecules with specific 
end groups are indicated by various symbols. In 
the initial stage, both the upper and lower cells 
ha\'e identical chemical endowments (lefthand 
diagrams). Now let us assume that the upper 
cell makes contact with a system containing in its 
surface oriented molecules ^vith arrow-shaped 
heads, while the lower cell confronts a surface 


chains of chemical reactions are thus set going 
in the two cells, it will not be long until the com¬ 
position of their contents will ha^’e become radi¬ 
cally different; each will develop certain compounds 
not present in the other. The eventual consolida¬ 
tion (righthand diagram) is irreversible and repre¬ 
sents what we have called cellular differentiation, 
while the transition stage (middle diagrams) is 
still reversible, representing mere modulation. 
Permanent differentiation can, therefore, be re¬ 
garded as merely an advanced stage of an initially 
reversible modulation. 



Fig. 3, Molecul.-vr Re.a.rrangements upon Contact with Different Organic Slirfaces: A 

Model of Induction 


with molecules with cup-shaped ends (middle 
diagrams). As a result, in the upper cell, the notch¬ 
shaped molecules will be trapped and fixed, and in 
the lower one, the ball-shaped ones,—in either 
case, those of the most nearly conforming con¬ 
figuration. As one can see, the chemical compo¬ 
sition of the two ceils is still the same, but a 
segregation process has been initiated which is 
different in the two and, if allowed to continue, 
will in consequence lead to an increasing internal 
diversification. This is indicated in the righthand 
diagrams, in which each cell is shown to have 
added a second macromolecular layer of fitting 
configuration to the first. As entirely different 


Since my presentation of this concept of the molecu¬ 
lar basis of differentiation at the Growth S^miposium 
in 1945 (Weiss, 1947.) and 0 gain at the Princeton Bi¬ 
centennial Conference in 1947 (Weiss, 1949a), Spiegel- 
mann (1948) has set forth some thoughts that, although 
making no explicit reference to our views, implement 
them in several points. 

INDUCTION 

It will be immediately recognized that the above 
diagram gives a pertinent illustration of those 
specific infiuences of one tissue on an adjacent 
one, commonly referred to as 'inductions.” The 
most frequently cited examples are the effect of the 
chorda-mesoderm upon the overlying ectoderm in 
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calling forth the formation of a neural plate, and 
the induction of lens in the epidermis overlying the 
eye vesicle (Spemanii, 1938). It has long been 
known that under natural conditions such induc¬ 
tions take place only if the inducing and induced 
layers are in close contact. Interposition of a nar¬ 
row gap or a thin layer of some other tissue abol¬ 
ishes the effect (Dragomirow, 1929; Holtfreter, 
1933). However, no systematic study has been 
accorded this subject. In observations on the finer 
histological changes attending lens induction in 
the chick, I noticed some years ago that at the 


cannot be separated (also observed casually by 
Stone and Dinnean, 1940). Thus, we have evi¬ 
dence that the contact produces an intimate asso¬ 
ciation between the two cell types followed by an 
oriented reorganization of the presumptive lens 
plate in relation to the more advanced and con¬ 
solidated retinal plate—just the type of changes 
to be expected in terms of the above concept. 
Having gone through this critical surface re¬ 
organization, the induced layer becomes detached, 
and can then continue independently with the next 
step in the formation of a lens vesicle. If it had 



Fig. 4- Cellular Changes during Lens Induction 
A, Preinduction stage (ca. 14 somites): contact between retina and epidermis about to be effected; epidermal 
cells unoriented. B, Height of induction stage (19 somites): cells within contact area oriented towards retina- 
nuclei near basal pole. C, Postinduction stage (21 somites): early self-differentiation phase, with beginning con¬ 
cavity of lens placode and concomitant reorientation of lens cells radially. 


time of contact between the eye vesicle and the 
ectoderm, the cells of the latter become elongated 
and oriented in the direction of the subjacent reti¬ 
nal cells (see Weiss, 1949b, p. 478). Their nuclei 
assume a rod shape and move to the border of 
contact (Fig. 4). These changes are now being 
studied more closely (in collaboration with M. 
McKeehan). The phenomenon of orientation seems 
to be exactly coextensive with the area of intimate 
contact. It lasts only for the few hours known to 
be the crucial and critical time for lens induction 
(Fig. 5), At the same time, the cells of the lens 
ectoderm become so firmly fused to those of the 
retina within the contact area that the two layers 


been faced with another tissue than eye cup, 
some other segment of the molecular population 
would have been segregated in the surface, yield¬ 
ing another type of differentiation, always within 
the limitations of the molecular equipment (^‘com- 
petence’O available in the cell at that particular 
time. 

Cell elongation and nuclear orientation are re¬ 
garded here as due to an oriented reorganization 
of cell components in the direction of the contact 
surface rather than to an increased lateral attrac¬ 
tion between neighboring cells, which has been 
suggested as the mechanism of neurulation by 
Brown, Hamburger, and Schmitt (1941). The 
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Fig. 5. Staxistical Evidence oe Oeientation Efeect IixtrsTSAXED in Fig. 4 


The axes of the cel! nuclei in retina and overlying epidermis were traced. The ^^gles tetween these ax« and 
the retinal surface were measured. The percentage frequencies of the various positions (in classes of 10°)^ w»e 
then plotted, downward for retina, upward for epidermis. Peak frequencies at 90° indicate perpendicular orient^ 
tion. Top; 12-somite stage. Middle: 16 somites. Bottom: 19 somites. The progressive orientation of the epidermis 
relative to the retina from top to bottom is evident' (From unpublished data of M. McKeehan.) 
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correlation between diffusion lines and micro- 
structure observed by Poilister (1941) in mature 
cells gives indirect support to our interpretation. 
Marked orientation of cells (“palisading”) as an 
early symptom of induction has been reported 
incidentally by several authors without further 
comment (e.g,, Lehmann, 1929; Holtfreter, 1933). 
It is common in many pathological transformations 
(e.g., tumors), and we have also observed it in the 
skins of amphibian larvae over topically applied 
crystals of the carcinogen, methylcholanthrene 
(Overton, 1948). A closer cytological and physico¬ 
chemical analysis of the phenomenon of palisading, 
with particular attention to such signs of molecular 
regrouping as stratification, orientation of fibrous 
elements, etc,, therefore promises to yield valuable 
clues as to the mechanism of inductive contact 
interaction. 

According to the hypothesis here proposed, the 
inductive effect of one cell upon another and the 
selective adhesion (contact afiSnity) between two 
cells would have a common denominator, namely, 
the formation of linkages between matching mole¬ 
cules across the contiguous cell surfaces. Each 
patch of interlocked key molecules along the inter¬ 
face would then become an anchor point for 
bundles of molecular chains extending into the in¬ 
terior of both adjoining cells. Morphologically 
this would look like fibrillar continuity. On the 
molecular level, however, this would merely mean 
continuity of axial orientation among the chains on 
either side of the interface. This is a good example 
of how many of the microscopic arguments about 
contiguity vs. continuity among cells (e.g,, neu¬ 
rons) lose their meaning when viewed in molecular 
dimensions. 

Porter (1948) has recently produced electron- 
microscopic pictures of contiguous epithelial cells in 
which fibrillar strands can be seen to pass continuously 
from one to the other across the border. Although 
strains and stresses during histological fixation may 
have exaggerated it, the picture does suggest that 
orientation effects can be transmitted from one cell 
to another without the presence of “protoplasmic 
continuity” in the sense of the classical microscopist 
(see also the inductive transcellular orientation effects 
observed in plants [e.g., Sinnott and Bloch, 1945; 
Gautheret, 1946]), 

' ASSmiATIVE INDUCTIONS 

One of the features complicating the study of 
•embryonic induction is the fact that the response 
of induced tissue consists mostly of a complex 


chain of reactions which involves further inductive 
and segregative acts. Much clarification may, 
therefore, be expected from a study of more ele¬ 
mentary and more uniform induction processes 
such as take place during later stages of develop¬ 
ment, particularly within a given tissue, as for 
instance, the induction of cartilage by cartilage. 
Nageotte (1922) was the first to show that even 
alcohol-fixed cartilage can still induce the forma¬ 
tion of additional cartilaginous tissue in the ear of 
the rabbit. A further utilization of this method 
promises to reveal, at least for these cases, to what 
extent the specificity of an induction product is 
determined by the specificity of an inducing tissue 
on the one hand, and by the character of the re¬ 
sponding cells on the other. This problem has 
received considerable clarification by the use of 
heteroplastic and non-living grafts as “inductors” 
(literature in Weiss, 1935), yet it would seem even 
easier of solution if simpler conditions were chosen. 
We have, therefore, extended the experiments of 
Nageotte on the inductive action of differentiated 
tissues after devitalization. Rapid deep freezing, 
followed by dehydration in vacuo at low tempera¬ 
ture, has proved to conserve many properties of 
the living tissue (including enzyme activity and 
physical structure) more truly than most other 
methods of fixation (Hoerr, 1943; Boell, 1945), 
When cartilage treated in this manner was trans¬ 
planted into the limbs of salamander larvae, it 
became partially resorbed, but the defect was then 
repaired by host cells which deposited new car¬ 
tilage along the surface of the devitalized fragment 
(Weiss, 1944b; see 1949a, PL 2, p. 151), as bees 
would build on to an artificial honey comb. Simi¬ 
larly, frozen-dried cornea grafted into corneal 
defects in the eyes of rats and rabbits was seen to 
induce the formation of new comeal layers in the 
host tissue (Weiss and Taylor, 1944; Leopold and 
Adler, 1947). Evidently, specific effects of the 
grafts have stimulated the host tissues to homolo¬ 
gous formations. Further experiments will have to 
decide whether or not this involves more than 
simply the activation of latent homologous cell 
reserves. The fact that dead graft and live host 
tissues have formed an organic union distinguishes 
these cases from induction by dead tissue obtained 
in the embryo, as in the latter the dead piece is 
not stracturaliy adopted by the host. 

There have been some interesting reports on 
bone induction in developed animals by alcohol- 
extracts of tissues (Levander, 1945; Bertelsen, 
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1944), but the specificity of these effects has been 
rightly questioned (Heinen, Dabbs, and Mason, 
1949) and their interpretation is still in doubt. 

The facts and ideas about induction presented 
above clearly militate against the opinion often 
expressed in current literature that induction is 
carried out by diffusing chemicals discharged from 
the inducing tissue, implying that physical con¬ 
ditions are of no particular relevance to the effect 
and, therefore, may be ignored. So long as the 
precise mode of operation of this dass of inductions 
has not been identified, mere reference to the par¬ 
ticipation of ^Vhemical agents” remains a plati¬ 
tude, and insistence on the diffusibility and stoi¬ 
chiometric character of their effects a gratuitous 
presumption. Even those inductions wliich have 
been obtained after immersion of a tissue into a 
supposedly structureless liquid might turn out to 
be mediated through a structured physical en¬ 
velope of coagulated macromolecular matter 
liberated from damaged cells. Observations on 
the relation between cytolysis and induction 
(Holtfreter, 1948a) encourage such a view. Ad¬ 
ditional work is needed, however, to make the 
proof conclusive. In support of diffusible action, 
cases have been reported in which embryonic in¬ 
ductions evoked by organ extracts differed in 
character depending on the evoking agents (kidney 
or liver) (Toivonen, 1940), But this could also be 
explained in terms of differences in the reacting 
tissues. If, for instance, the rates of liberation, 
penetration, etc., of these two substances were 
different, such that one -would affect the embryo 
at an earlier stage than the other, the responding 
cells, being in different stages of ^'competence,” 
would naturally turn out different products (see 
also Holtfreter, 1934). 

Moreover, in all such considerations, one must 
never lose sight of the fact that since in the past 
quite a variet}^^ of phenomena have been arbitrarily 
labeled as "inductions,” it would be unreasonable 
to expect them to be all of a single kind, to have 
the same basic mechanism, or even to follow a 
common rule. We must be prepared to find "in¬ 
ductions” of many degrees of specificity and com¬ 
plexity, employing a great variety of mechanisms, 
in which physical factors and chemical agents par¬ 
ticipate in many sorts of combinations. 

\,/'’’pROTOPLASMIC EEnRODnCTION 

We have treated differentiation primarily under 
one aspect, namely, the appearance of dxfferefitmls 


among cells that were originally alike. There re¬ 
mains another aspect to be considered, namely, 
the perpetuation of the differentiated state as a 
cell grows and reproduces. Differentiation is actu¬ 
ally a property of the cell strain. An individual cell 
is but a sample taken from the protoplasmic time 
continuum of ceil generations that lead from a 
blastomere to the mature stage. As it matures, 
this mass gradually evolves the inner diversity 
which we call differentiation. By successive cell 
divisions, the progressively transforming mass is 
subdivided, but the differentiated constitution— 
though not every differentiation product—is car¬ 
ried over directly from mother ceil to daughter 
cells. Thus, no cell past the germ cell stage is ever 
in a strictly "undifferentiated” state. 

Let us now assume for the moment that we had 
a complete molecular inventory of each cell, list¬ 
ing ail the chemical compounds to be found in it, 
their relative concentrations, distributions, and 
arrangements in space. Let us then consider two 
ceils of the same germ which have undergone some 
degree of differentiation, in divergent directions, 
and hence differ in their molecular populations; 
for example, a myoblast and a neuroblast (Fig. 1). 
'Although descended from equipotential stock, 
These two cells are no longer equipotential. One 
can no longer be turned into the course of the 
other. Each propagates only its own kind, and in 
doing so, imparts its own specific character to its 
offspring. The lessons of tissue culture have demon¬ 
strated that the basic character of a ceU acquired 
during ontogeny is faithfully reissued in all its 
progeny (see Bloom, 1937; Thomas, 1938). If this 
were merely a matter of a given store of equip¬ 
ment beiag distributed over the descendants, one 
would have to expect a progressive dilution or at¬ 
tenuation of the differentiated character in suc¬ 
cessive cell generations. Differentiated products, 
if not renewed, may suffer this fate (e.g., yolk 
platelets in the course of successive divisions of 
primordial blood cells; Cameron, 1941); but the 
basic differentiated protoplasm has never shown 
any sign of depletion so long as growth and pro¬ 
liferation conrinue. We must conclude, therefore, 
that as a daughter cell grows up to the ske of its 
mother cell, it reproduces and multiplies the 
specific molecular population of the latter in 
essentially the same form in which it received it. 

: Myoblasts reproduce myoplasm, and neurobiasts 
neuroplasm. 

This, raises, a very interesting problem. Accord- 
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ing to curreEt genetic opinion the chromosomal 
genome remains qualitatively the same for all 
ceMs throughout development (for some quaiifica- 
tionSj see Iluskins^ 1947). All differentiated ceil 
strains^ therefore, are supposed to possess the 
same genome. Nevertheless, as just outlined, they 
breed true according to kind, not unlike so many 


ism, which in turn is set off against the environ¬ 
ment. Theoretically, anjr one of these systems can 
Ije affected only through the medium of the systems 
of the next higher and next lower orders. Each 
layer of the diagram, therefore, is potentially a 
filter and transformer for actions and agents that 
penetrate it. Some, like radiations, may pass 



-ENVIRONMENT- 

Em. 6. Relations Diagram eor Hierarchical Organization of the Body 

different strains of protozoans* Are theAwo facts through relatively unaltered, while others may be 
at variance? profoundly changed in transit. A chemical enter- 

In dealing with the relations between genetics ing from the environment may react, hence be 

and development, it is well to keep in mind that an altered, in passing through the surface of the organ- 

organism is constituted like a system of Chinese ism, again in the tissue juices, once more in the 

boxes, in which larger ones enclose smaller ones in a cytoplasm, again in passing through the nuclear 

descending series of magnitudes. This hierarchy of space, and finally in the non-genic chromosome 

systems is indicated in Fig. 6. This diagram shows matrix, before it ever reaches a gene. Furthermore, 

the gene as part of the chromosome, the chromo- as each one of the series of shells of this diagram 

some as part of the nucleus, the nucleus enclosed in must be viewed as a potential originator, as well as 

the cytoplasm, the cell as a whole enclosed in the receiver, of actions relative to any and all of the 

tissue, and the latter again enclosed in the organ- other shells, we are confronted with a very complex 
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system of possible interactions, the intricacy of 
which is symbolized by the confusion of lines in 
the diagram. To bear this situation in mind will, 
keep us on guard against oversimplified concepts 
regarding the directness of effects of “gene sub¬ 
stances^^ on peripheral characters, and conversely, 
of peripherally applied substances upon genes. 

Growth means the augmentation of protoplasm. 
Since this can occur only in the presence of an 
original protoplasmic model, we correctly speak of 
reproduction, rather than production. We know 
that the growth of the organism and of its tissues 
can take place only through the agency of its 
cells. Therefore, the mechanism of growth, as 
protoplasmic reproduction, must lie somewhefe-* 
within the inner circies of our diagram. In order'|;q < 
reconcile the identity of the genic equipment (ih-- 
nermost circle) of all body cells with the specific 
self-reproduction of the various differentiated 
protoplasms, one has come to assume “self-re- 
producing” or “self-duplicating’’ units in the 
cytoplasm, which for obvious, though not neces¬ 
sarily valid, reasons are called plasraagenes. Com¬ 
bined evidence of morphological, physiological, 
biochemical, and genetic character, summarized 
in recent symposia (Sonneborn, 1947; Lwoff, 
1949; Bradiet, 1949) has made an impressive case 
for the existence of such self-reproducing cyto¬ 
plasmic particles. Their potential significance for 
the problem of differentiation has also been 
properly recognized. 

Yet, to charge the perpetuation of differentia¬ 
tion wholly to identifiable autonomous entities, 
set in opposition to an undifferentiated matrix, 
would seem to oversimplify the issue. Moreover, 
while it is conceivable that differentiation, like 
genic transmission, resides in discrete partides, we 
cannot be sure that the synthesis of the specific 
macromolecular compounds which make up these 
cytoplasmic particles actually takes place in the 
locations at which we find them, as is implied in 
the term “self-duplication.” If this were true, 
growth would occur in innumerable small centers 
scattered throughout the cytoplasm. That this 
Is not the case has been shown by some recent 
studies on the growth of the neurone. 

In an extensive series of experiments, we have 
found that the enormously elongated cytoplasm 
of the axis cylinder does not contain its own sources 
of growth but that all growth comes solely from 
the nudeated territory in the centra! cell body 
(Weiss and Hiscoe, 1948). 'When the cross sec-- 
tion of an axon Is locally reduced by constriction 


the part lying cfista! to the bottleneck, that is, on 
the far side relative to the cell body containing the 
nucleus, remains undersized in proportion to the 
amount of constriction, while excess neuroplasm 
piles up at the proximal side of the narrow passage. 
In general terms, this bears out the contention of 
Caspersson and his school (see Hyden, 1943), ac¬ 
cording to which ail specific protein synthesis takes 
place at the site of the nucleus. It goes beyond 
these views, however, in indicating that the nu¬ 
clear products are already the real stuff of growth 
rather than merely catalytic agents which would 
then secondarily initiate ah'd"entertain local growth 
• in the distant cytoplasm. Our results suggest that 
-ail protoplasmic systems that ever occur in the 
; space of the cell must have been delivered origin- 
' ally from the nuclear space. On this basis, ail 
protein systems and other complex protoplasmic 
systems found in the cytoplasm that are different 
from the primordial nuclear source products would 
have become so by processes of degradation and 
conversion from the primordial source products. 
In this light, the existence in the cytoplasm of sites 
of true protoplasmic synthesis becomes question¬ 
able, and one would have to turn to the following 
alternative view. 

The basic protoplasmic units would be repro¬ 
duced within the nuclear space in a complex pri¬ 
mordial form determined by the whole genic 
apparatus. They would be alike for all cells of a 
given individual of a given species. On their course 
from the producing source into the cytoplasifi, 
they would be subject to conversions and modifi¬ 
cations. Especially, upon impact with certain 
specifically shaped template systems, they would 
assume conformmg shapes and thus perpetuate 
particular molecular patterns. Since, as we tried 
to illustrate before, each cell strain in the C0Erse/>f 
its differentiation develops its own specific popula¬ 
tion of template molecules, the same primordial 
genic products will assume different shapes and 
properties dependmg on the particular molecular 
populations with which they make contact in the 
nudear and cytoplasmic spaces. According to this 
concept, differentiated protoplasmic units would 
owe their origin and their specific shapes to two 
entirely different processes, occurring in different 
places. They would be propagated in the nudear 
center, and be remodeled in the cytoplasm. These 
two phases might very well correspond to the two 
phases in protein synthesis (replication and fold¬ 
ing) suggested by Haurowitz (1949), To use a 
crude simile, it would be somewhat like themak- 



192 


THE QUARTEBLY REVIEW OF BIOLOGY 


ing of furniture. The wood is groTO by the forest 
but shaped by the carpenter. Neither does the 
carpenter grow wood nor does the forest shape 
benches. If this concept is correct, then what have 
appeared to be self-reproducing bodies in the 
cytoplasm would simply become model centers of 
adsorption, aggregation, alignment, and conversion 
of compounds which have originated in a distant 
location. We would have to call them “self- 
perpetuating,” but not “self-reproducing,” S3^s- 
tems, as they would perpetuate their own pat¬ 
tern, template fashion, but not actually produce 
more of their own substance. 

It is apparent from this discussion that on the 
strength of biological considerations, a sharp distinc¬ 
tion is indicated between the continuous regeneration 
of existing protein molecules and the reproduction of 
new ones. Although tracer techniques have definitely 
established the fact that protein molecules are 
constantly exchanging fragments with corresponding 
fragments from the medium, thus preserving their 
statistical integrity (see Schoenheimer, 1942), there is 
absolutely no evidence as yet that fragments can ever 
be pieced together to form a whole protein molecule 
unless there is already a whole molecule present to serve 
as model. Thus, even on biochemical grounds, it would 
seem legitimate to distinguish sharply between the 
multiplication of protein systems (growth) and their 
mere maintenance and restitution, with or without 
concurrent changes of configuration (remodeling; dif¬ 
ferentiation). 

Whether the dualistic concept of growth and 
differentiation proposed in this chapter can be 
substantiated by further research remains to be 
seen. Pending proof to the contrary, it deserves 
serious consideration as a possible alternative to 
the thesis of self-reproducing bodies in the cyto¬ 
plasm which are supposed to be at the same time 
gene-dependent and autonomous. It is intriguing 
to compare our concept of the differentiation of 
ceil strains, as here related, with the induction, 
transmission, and perpetuation of cytoplasmic 
varieties in protozoans with a common genome 
(Sonnebom, 1947). The parallelism seems to be 
more than superficial. 

If growth is the result of nuclear synthesis followed 
by molecular conversion in interaction with cellular 
templates, growth rate will evidently depend on both 
the rate of synthesis and the effective concentration of 
templates. If the template conversion process is of the 
antigen-antibody type, antibodies against organ pro¬ 
teins might, by serving directly as templates, have an 
effect on growth rates. In l,9$9a, I reported preliminary 


results (with D. H. Campbell) indicating such a possi¬ 
bility, and in 1945 I suggested a generalized hypothesis 
of growth catalysis by complementary template S 3 -’s- 
tems comparable to antigen-antibody relations (Weiss, 
1947). Tyler (1947) has advocated a similar “auto¬ 
antibody” concept of growth based on his extensive 
studies on complementariness in fertilization. However, 
neither the homology nor analogy of our hypothetical 
cytoplasmic templates with antibodies has actually 
been proved. Perhaps the demonstrated effect of specific 
antibodies on hereditary cytoplasmic transformations in 
Paramecium (Sonnebom, 1948) has a direct bearing on 
this problem. 

' GROWTH AND PATTERN 

Tissues form as a result of association or non¬ 
dissociation of ceils of the same kind, of the com¬ 
bination of cells of complementary types, and of 
the addition and interspersing of intercellular 
materials, which in turn are cell products. In the 
last analysis, therefore, histodifferentiation is the 
outcome of cytodifferentiation. As cells form in¬ 
creasing larger compound groups with an in¬ 
creasing complexity’’ of interactions, they thereby 
set up novel conditions resulting from their group 
relations, to which the individual members of the 
collective now become subjected differentially, 
depending on their locations within the group. 
These emergent “field” conditions then become 
determining, or at least limiting, factors in the 
further course of growth and differentiation. One 
of the most striking examples in this dass is the 
gradual confinement of proliferative activity in a 
tissue or organ to a circumscribed area (germinal 
cord or germinal layer: e.g., inner surface of the 
neural tube; rim of the optic cup; equatorial re¬ 
gion of the lens; basal layer of the epidermis). In 
most of these cases, the proliferating area is 
characterized by some geometric peculiarity: the 
edge of a fold, the tip of a bud, the border between 
two tissues or between a tissue and fluid bathing it. 
These geometric positions obviously represent 
unique physico-chemical conditions of exposure 
which are not shared by other parts of the tissue. 
Cells removing themselves or being passively 
separated from those unique conditions, therefore, 
are automatically eliminated from further pro¬ 
liferative activity and usually continue in their 
differentiative course toward terminal stages (see 
Weiss, 1939). Plain as this correlation between 
geometric configuration and developmental fate 
is, we are still altogether ignorant of the mecha¬ 
nism by wMdi it operates. We do not know what 
stops growth and mitosis in one part of a tissue, 
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what maintains growth without mitosis in another 
(as for example in the steadily growing neuron), 
and what permits the germinal areas to go ahead 
with both growth and mitotic activity. For in¬ 
stance, does the cerebro-spinal fluid of the embryo 
contain a principle which supports mitotic ac¬ 
tivity in the adjoining neural epithelium, or does 
the mantle contain factors -which suppress it? We 
do not know. 

Detwiler (1947) and Harrison (1947) noted that in 
the process of regeneration of an extirpated lateral 
half of cord or brain from the remaining half, the re¬ 
generate showed numerous extraependymal mitoses. 
TMs observation might furnish a clue to further an¬ 
alysis, since the appearance of mitotic cells in the 
mantle could perhaps be related to the penetration of 
cerebrospinal fluid into the cell mass as a result of the 
operative disruption of the inner limiting membrane. 
In general, our knowledge of the causes underlying 
the appearance, subsidence, and focal localization of 
mitotic fields is extremely poor. 

We are not much better off with regard to growth 
patterns in general. In a few selected cases we 
understand the basis of differential growth, at 
least in principle (see Weiss, 1949a), but for the 
most part even the mere biomechanics of the 
formation of tubes, folds, evaginations, ramifica¬ 
tions, and so forth, are not much better under¬ 
stood than in the days of His and Hertwig, when 
they were first clearly formulated as problems. 
One thing we have come to realize is the great 
complexity of morphogenesis. What passes for 
differential growth is by no means merely a matter 
of differential proliferation, but is a mixture of cell 
movements, shifts of cell layers, aggregations, 
combinations, and separations, in addition to true 
proliferation; there is stretching and shrinkage, 
thinning and thickening, tearing and shedding, 
deposition and resorption. These are prime fac¬ 
tors of morphogenesis. Growth thus does not 
really lay down morphogenetic patterns, but 
rather follows and elaborates them. In other words, 
it has become ever dearer that growth, as such, 
is a purely scalar process, producing simply more 
protoplasmic mass, increments without intrinsic 
direction. Direction is given to the growing mass 
not by properties inherent in the chemical mech¬ 
anism of reproduction itself, but is imposed by 
physical properties of the space into which the 
material ksu^ forth. Physical fadom 'Of given 
polarity, such as^ tensions, pressures, electric 
gradients, diffusion' currents, fibrous' pathways,. 


and the like, appear among the factors that guide 
the deposition and extension of the growing mate¬ 
rial along preferential lines and channels., Growth 
has no sense of direction, and ail directive growth 
owes its orientation to factors outside the loci of 
protoplasmic production. Some cells create their 
own physical frame to guide the growth of their 
protoplasm, as for instance, the heliozoa, whose 
arms are protruded by a cr}"stailine axial skeleton, 
or the plant cells, whose cellulose wail determines 
by its longitudinal stretching the direction of cell 
division, and hence the polar growth of the cel! 
column. In animal germs, the presence of a co¬ 
herent fibrous surface coat presumably acts in a 
similar capacity. Since it weaves the cells Into a 
common fabric, any systematic distortion of its 
meshes, as for instance, by the local contraction at 
the blastopore in the act of gastmlation (Lewis, 
1947; Holtfreter, 1948a), introduces certain di¬ 
rective vectors into the movements, extensions, 
cell divisions, and internal rearrangements of the 
adherent cell sheets, and thereby sets a pattern 
for subsequent growth (see also Devillers, 1948; 
Trinkaus, 1949). The mobile cells of later develop¬ 
mental stages find similar physical guides in the 
protein network perv^ading the interstices of the 
body, and a major part of the phenomena of 
oriented growth can be explained by this principle 
of contact guidance (Weiss, 1941; 1948). At the 
same time, chemical factors contribute to growth 
patterns in a variety of ways, by modifying the 
structure of physical pathway systems (Weiss, 
1934; 1949a), by establishing selective afl&nities 
between certain cells and certain pathways (Weiss, 
1941; 1947), by promoting or inhibiting cell 
division (Lehmann, 1945), and generally, by 
taking part in all the component activities of 
morphogenesis listed above. 

Consideration of this complexity renders sense¬ 
less any attempt to classify effects on growth 
simply as “growth stimulation*^ or “growth in¬ 
hibition.*’ For example, the following are merely 
a few of the possible causes of “growth inhibition”: 
lack of essential building blocks for protoplasmic 
synthesis, interference with the intake of Ksentia! 
compounds, lack of proper physical conditions for 
their assimilation, inadequate metabolic energy 
resources, space restrictions, active obstruction by 
neighboring units. Mocking of the mitotic ap¬ 
paratus, etc., where each one of 'these contingencies 
may itself arise from a variety of causes. Anything 
then' that' ,partiaEy^ or ''totally offse'ts any nf these 
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inhibitory actions would thereby automatically 
rate as a “growth stimulant.” 

The complexity of the process of growth should 
also discourage the continuation of those purely 
formal attempts to deal with it as if it were a 
simple entity (e.g.j a “bi-molecuiar reaction”). 
It likewise minimizes the analytical value of growth 
curves for complex organisms. At the same time, 
growth curves have revealed over-aE regularities 
which analytical preoccupation with the cellular 
mechanism of growth would hardly have disclosed. 
This goes for such phenomena as aliometric growth, 
compensatory hypertrophy, effects of age on 
growth, and the like. Such observations bring us 
face to face with certain regulatory actions within 
the organismic system as a whole which have thus 
far proved most refractory to analytical investiga¬ 
tion, References to homoeostatic maintenance of 
chemical balances, hormonal equilibria, compe¬ 
tition for nutrient substrates (Spiegeimann, 1945) 
(which is merely a modern expression for Roux’ 
classical “struggle among parts” or Robb’s “par¬ 
tition coefficients”), metabolic gradients (Child, 
1941), electric fields (Burr and Northrop, 1935), 
etc., are pertinent in illuminating each a particular 
facet of the problem. However, the fact that they 
ail, in spite of their great diversity, seem to obey 
a common regulatory principle has never been ex¬ 
plained in any but purely descriptive or evasive 
terms. 

MORPHOGENETIC EIELDS 

This brings up what is perhaps the most difficult 
and the most neglected of all basic problems in 
morphogenesis, that of super-cellular integration. 
Although behaying as individual units in their 
reactions, ceils, when in a group, act as collectives. 
Such collectives exhibit properties and powers of 
“gestalt” character which are not recognizable in 
the isolated elements. One of the primary differ¬ 
ences in a group is that of position. Secondarily, 
differences of position and exposure lead to dif¬ 
ferentials of activity and reaction. A simple and 
trivial example is the differential between center 
and margin. Any activity or property that varies 
systematically between center and margin of a 
given mass of active material will affect different 
members of the group differentially, depending on 
their coordinates in the system as a whole. The 
importance of the principle of patterned “field” 
activities in the determination of embryonic events 
has been generally recognized, and they have been 
given currency under such names as morphogenetic 


fields (Weiss, 1935; 1939a) or gradient systems 
(Huxley and de Beer, 1934). Yet their natufe and 
mode of operation axe still among the greatest 
puzzles of modem biology (see Sinnott, 1940). 

If we were simply dealing either with differences 
in concentrations of substances arising from dif¬ 
ferential accessibility to food pools or accumulation 
of metabolites, or with electric gradients or witb 
tension fields, or with any other single, uniform 
class of phenomena subject to a merely quanti¬ 
tative gradation along a linear scale of values, 
field activities could be understood, at least in 
principle, on the basis of existing concepts. A more 
penetrating appraisal shows, however, that no 
field concept operating with only a single variable 
can adequately represent the facts. After all, one 
has to explain that a determinative field vector 
causes not just a quantitative change in the ac¬ 
tivity of a responding ceil, but selectively ac¬ 
tivates in the latter a specific performance from 
among a whole series of equally possible ones, per¬ 
haps by specific molecular segregations, as indi¬ 
cated earlier. This, it would seem, makes it im¬ 
perative to concede to the field vectors the property 
of affecting molecular configuration and constella¬ 
tion, rather than only concentrations and reaction 
rates, with which a merely “quantitative” field 
theory would be concerned. It may become neces¬ 
sary to assume that at any given point of a par¬ 
ticular field, conditions of such specific constella¬ 
tion arise that certain molecular groupings will be 
selectively favored or energized by a sort of reso¬ 
nance relation between field and molecular pattern. 
This is evidently a domain into which as yet no 
empirical road has been found. An identification 
of morphogenetic fields with electrostatic fields 
(Burr and Northrop, 1935) is undoubtedly simpler, 
but it cannot even remotely account for the 
subtlety of the relations whidi we are to explain. 
Granting the existence of electric fields, of meta¬ 
bolic gradients, and of other graded properties, and 
acknowledging differences of threshold among 
different cells for different combinations of these 
agents, this still leaves the structural order and 
systematic, qualitative variation of the field vectors 
in the different directions of space in a conceptual 
vacuum. 

However, there is no cause for discouragement. 
There is merely cause for caution against prema¬ 
ture generalization. Because of the forbidding 
difficulty of the field problem, the experimental 
procurement of more pertinent facts has lagged 
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badly. It seems that more such information is 
needed before we can go on speoiiating. In this 
penetration into the unknown, we had better not 
tie ourselves too closely to the current predilection 
for diffusible chemical agents, but rather explore 
the possibility that field effects might be propa¬ 
gated by transmission rather than convection. 
That is to say, control over large cellular collectives 
may spread not by substances being bodily trans¬ 
ported from cell to cell, but by states of molecular 
activities being relayed from one molecular system 
to the next (see also Wiggiesworth, 1948). 

The primary integrative actions of embiymnic 
fields are in later development superseded by the 
various chemical coordination systems of the body, 
which are somewhat better understood. But even 
though we know the chemical composition and the 
general mode of action qi many hormones, we are 
still far from understanding the selectivity of their 
terminal effects and the over-aE harmony of their 
interactions. 

CONCLUSIONS 

I have sampled here some of the main airrent 
problems of morphogenesis. I have made it a 


point to illustrate the inadequacy of their present 
state, not in a spirit of defeatism, but on the con¬ 
trary to emphasize the rich prizes the future holds 
in yielding solutions to those problems. I have indi¬ 
cated a few promising ways leading into the future, 
drawing disproportionately on examples from my 
own experience, not because I believe these ways 
to be more meritorious or rewarding than others, 
but simply to demonstrate that there are practi¬ 
cable ways, and to be concrete and convincing in 
this demonstration. The future of the field of 
morphogenesis will, of course, be what the workers 
in morphogenesis make it. The reawakened inter¬ 
est in its problems, the conjoint attack by formerly 
separated disciplines, the introduction of novel 
analytical tools, the growing conceptual precision, 
all these signs augur well that its future will be 
bright. 

The original investigations from my laboratory re¬ 
ferred to in this article have been supported by the 
Wallace C. and Clara A. Abbott Memorial Fund of the 
University of Chicago and by a grant of the American 
Cancer Society recommended by the Committee on 
Growth. 
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GENERAL BIOLOGY: PHILOSOPHY 
AND EDUCATION 

The World of Life. A General Biology. 

By Wolfgang F. Pauli; edited by Bentley Glass. 
Houghton Mifflin Company, Boston, New York, Chi- 
cago, Dallas, Atlanta, and San Francisco. $5.00. 
x + 653pp.;ffl. 1949. 

A casual glance at Paulies text will show the reader at 
once that here is a unique general biology, even if only 
the selection of illustrations is considered. These are 
very numerous, attractively printed, and reflect a great 
abiflty on the part of the author, illustrator, and printer 
in working with original and clear illustrative media. 
The reviewer, in fact, has seen very few textbooks of 
any description that equal Pauli's in this respect. 

A more than casual investigation of the subject mat¬ 
ter of the book reveals that its approach to the study 
of biology is as unique as its illustrations, for the au¬ 
thor has used the principle of evolution as his basic 
organizational theme. In developing this, he opens 
with a discussion of the nature of the universe itself 
and the behavior and structure of inanimate matter, 
TMs is followed by considerations of the general prop¬ 
erties of ceBs that in turn lead to a presentation of 
evolutionary evidence and principles, including a brief 
survey of the paieontolo^cal record. 


Animal Morphology. 237 

Animal Physiology. 239 
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Biophysics. 245 
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Microbiology. 248 

Health and Disease. 248 

Psycholog)" and Animal Behavior. 255 

Human Biology. 260 
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De Omnibus Rebus et Quibusdam Aliis.. 265 


Sections on the rise of plants and animals follow, 
with the vertebrates receiving additional attention in 
a subsequent section. Finally the text closes with 
two chapters on genetics and eugenics, respectively. 
Two appendixes are included, one on the classification 
of plants and animals, the other on biological terms. 

Generally, in these various sections, Pauli has writ¬ 
ten with a view toward topical completeness that of 
necessity prevents detailed discussion of any one topic. 
His style is lucid, and he avoids both the superfluity 
of biological terms too often found in biology text¬ 
books and the omission of essential vocabulary. 

The reviewer considers the inclusion of chapter ma¬ 
terial on the inanimate universe a most excellent idea 
that Pauli has carried out with great skill. Similarly, 
the organization of the book around the centra! theme 
of evolution has much to commend it, although it is 
apparent that opinions will differ as to what the most 
logical order for the development of this theme should 
be. It Is to be' noted in this regard, however, that 
this textbook should be useful regardless of the order 
in which its various chapters are considered. 

In fact,' rather than the order of presentation the; 
teacher should consider the point that so much ma¬ 
terial is covered in the book that selection nfight have 
to 'be made m courses with' restrictive schedules. This 
does not mean that the textbook wiM not prove to be 
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successful in courses tliat are unable to consider all its 
contents, Ratbeij it sbould provide a strong back¬ 
ground against wMcb to teacb biology, even thougb 
it may require some guidance of the student to pre¬ 
vent bis becoming lost in tbe wealth of information 
presented. 

Tbe book would be strengthened by a presentation 
and discussion of the simpler mathematical formula¬ 
tions that are the basis of modern views on the study 
of population genetics and evolution. In addition, the 
reviewer wmuld like to note that the opinions expressed 
on eugenics are not entirely shared by students of hu¬ 
man genetics and suggest that the teacher not famil¬ 
iar with this material ought to refer to other discus¬ 
sions as well as those of Pauli. 

The only error in printing detected by the reviewer 
was a minor one in the labeling of the figure on page 
546. In closing it may be said that the publisher has 
done a superb job of presenting a book that should 
receive careful attention from all biologists interested 
in keeping their courses ^‘aEve and moving.” 

John Cusheng 



Teleological Mech.4Nism:s . A mds of The New York 
Academy of Sciences, Volume 50, AriMe 4, 

By L. K. Frank, G, E, SulcMnson, W, K, Livingston, 
W. S, McCiMoch, and N, W^kner. The New York 
Academy of Sciences, Nm York. |i.7S (paper), 
Pp, 187-278; ill. 194S. 

Contents: Foreword ( L. K. Frank); Time, Communi¬ 
cation, and the Nervous System (Norbert Wiener); 
Circular Causal Systems in Ecology (G. Evelyn Hutch¬ 
inson) ; The Vicious Circle in Causalgia (W. K. Living¬ 
ston); A Recapitulation of the Theory, with a Forecast 
of Several Extensions (Warren S, McCulloch). These 
papers, with some of the discussion that followed the 
presentation of each one, are interesting but they do 
not reveal any close connection with one another in 
spite of their stated relation to teleology and its me- 
^dianics. Each to his own taste—^most biologists will 
find the article by Hutchinson particularly valuable. 

Bentley Glass 



Mew Biology. Fmgmm Boohs, NmwF&r 7. 

ESM % M, X. Jo^Msm md Mkkad Abera^omhie, 
'Fmg^ Bmks, West’ Ihr&ytm, MMiksex, England. 
is, fid. (paper). '128^ pp» + 8 plates; text ill, 1949, 
Contents: .The Behavioiir of livestoA (Aiastair, N. 
Wmdm); Recent Work on Spiders (Theodore H. Sa¬ 
vory); Flowering of Pkn'ts in Rekdoa to Environ- 
mmt (0. V* S. H«th);,Chroino«mifs (H. G. Calkn); 
The Seaweeds tlwir Uses fAbm, J. Brook); Be- 

Animals 
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The New Authoeitaeianism. Conway Memorial Lec¬ 
ture, Delivered at Conway Sail, on March 22,1949. 

By Lancelot Sogben. JVatts & Company, London. 

2s. (paper), x -f 44 pp. 1949. 

In his Conway lecture a year ago Lancelot Hogben 
warmed to Ms subject by directing a number of sav¬ 
age thrusts at C. D. Darlington, Conway lecturer of 
the preceding year. The New Authoritarianism, wMch 
many a scientist today views with apprehension, is in 
Hogben’s eyes an outcome, perhaps an inevitable out¬ 
come, of large-scale enterprise. The very growth of 
scientific knowledge makes it impossible any more for 
us to identify 'khe scientific outlook with refusal to 
take propositions about external or human nature on 
trust.” in Mgher levels of education and investiga¬ 
tion the diminution of 

“concern for rational grounds of confidence is evident 
on all sides. The constant pressure of foundations 
wMch finance research, diverts the eager curiosity of 
the young investigator by speeding up publication of 
results in any field of inquiry with an aura of novelty. 
The policy of our institutions of Mgher learning pe¬ 
nalizes honest effort devoted to the exposition of sci¬ 
ence to students or public alike by allocating academic 
promotion solely on the basis of mileage covered by 
repetitive reprints. In universities or Government re¬ 
search stations, heads of departments ostensibly ap¬ 
pointed by reason of capability to do original scientific 
work soon discover that they are paid to be super¬ 
salesmen of problems nobody can solve . . . the tem¬ 
per of science itself in tMs context becomes increasingly 
more authoritarian ... the pity of it is the complacency 
we have in common with every pre-existing culture in 
its decline.” “Increasingly elaborate techniques call for 
expenditure on a scale wMch necessitates the support 
of either the State or of private foundations; and the 
new patronage imposes a new discipline on the process 
of discovery, reshaping the outlook of its personnel 
To justify the newer and more costly techniques it is 
necessary to show results. Accordingly, a memoir in a 
scientific journal is less now, as once in my own life¬ 
time, the announcement of a new discovery than a 
progress report on a cash advance. ... He who pays 
the piper calls the tune.” 

Hogben concluded by quoting the Nobel Prize 
speech by H, J. Muller, wMch emphasized that con¬ 
tinued growth in the freedom of the human spirit in 
inquiry and communication must be paralleled by “the 
bringing of the benefits of modern techniques to all, 
the rairing of the standard of living of the broad masses 
everywhere, not exclusive of any groups or races... so 
as to make Mgh culture and free critidsm not the un¬ 
stable possession of a limited sector of society, as among 
the ancient Greeks, but a part of the accepted inher¬ 
itance of all humanity.” 

Bentley Glass 
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In this collection of essay’s published over many years 
and in many places, the Scotch philosopher has dealt 
with several subjects of particular interest to biolo¬ 
gists. In The Biological Approach to Philosophy he 
has adopted a holist view. “The essence of life is 
transience and change. .. . From the observation of 
Hving things we get perhaps the clearest indication of 
what is meant by transience and by history.^^ It not 
only follows that the quantitative mathematical treat¬ 
ment of phenomena characteristic of classical physical 
theory is most glaringly insufficient in biology, but it 
also makes it unavoidable to consider in biology “the 
notion of purpose.’- But Ritchie does not attempt to 
consider the quantitative as well as qualitative aspects 
of genetic control of development, and his argument 
seems very weak. 

In Antiphon: a Pseudo-Socratic Dialogue on Natural 
Religion, Ritchie has given us a brilliant dissection of 
specious epistemological views and the nature of sci¬ 
entific knowledge. In the beginning W'Orthy of Lucian 
at his best, in its latter part the dialogue seems to 
weaken when it passes on to consider the arguments 
for the existence cf the Deity. Yet as a whole it is 
very thought-provoking. An essay on Samuel Alex¬ 
ander, British philosopher who was devoted to an evo¬ 
lutionary view of the theory of knowledge and, like 
Lloyd Morgan, to evolutionary emergence, sketches 
the main lines of thought of one who ought to be more 
widely known among students of the influence of Dar¬ 
winian concepts. 

Charming writing is to be found in two slight essays 
at the end of the book, about the isle of Dochet and 
the ghost port of Letang, both near the boundary be¬ 
tween Maine and New Brunswick, Other essays deal 
with: Freedon; Can Commonsense be Trusted?; The 
Ethics of Pacifism; Miracles; Magic in Modem Poli¬ 
tics; Errors of Logical Positivism; The Atomic Theory 
as Metaphysics and as Science; The Logic of Question 
and Answer; A Defense of Aristotle’s Logic; Theories 
of Immortality; and Sir Isaac Newton: the Man and 
his Influence. 

Bentley Glass 



School Health Education. A Textbook for Teacher 
Nursesf and Other Frofesstoml Personnel. HarpePs Se¬ 
ries in School and Public Health Education^ Physical Ed¬ 
ucation, and Recreation. 

By Delbert Oberteujfer. Harper <& BrotherSf N&m 

York. $3.25. x + 4fl5 pp. 1949. 

This excellent text is the first of a new Harper’s Series 
in School and Public Health Education, Physical Ed¬ 
ucation, and Recreation, to be edited by the author. 
Written primarily for college and university students 
preparing to teach health education, it presents a com¬ 
prehensive picture of a school health program, and 
describes the pedagogic techniques and principles be¬ 


ing employed most successfully in the field of health 
education in our schools today. 

The textual materials are presented under three 
broad headings: namely, (1) The Foundations of School 
Health Education; (2) The Curriculum and Teaching; 
and (3) Administration and Activities. Under The 
Foundations of School Health Education, the needs 
which have given rise to programs of school health 
education are discussed in relation to the school’s re¬ 
sponsibility in meeting those needs. The section on 
The Curriculum and Teaching covers the organmation 
and techniques being widely used in courses of health 
education throughout the country at the present time. 
A sufficient variety of methods and materials are sug¬ 
gested here to meet the needs of a wide range of class¬ 
room situations and teaching techniques. The chap¬ 
ters in the section on Administration and Activities 
deal with the functioning of the school health program 
as it relates to the individual, famity, and community. 
The discussions here are concerned with the problems 
of the handicapped, nutrition, safety, dental health, 
the control of communicable diseases, and the general 
techniques for measuring the effectiveness of the school 
health program. The volume will undoubtedly find 
a popular place in the field of methodology in health 
education. An index is provided. 

B. Aubrey Schneider 



Trends in Medical Educ.ation. The Neso York 
Academy of Medicine Institute on Medical Education, 
1947. 

Edited by Mahlon Ashford. The Commonwealth 
Fund, New York; Geoffrey Cumherlege, Oxford Uni- 
nersity Press, London. $3.00. xiv -f- 320 pp. 1949. 
This book covers the proceedings of a series of confer¬ 
ences held in April 1947 under the auspices of the 
Committee on Medical Education of the New York 
Academy of Medicine, and deals with current prob¬ 
lems and trends in medical education. The panels 
and round table discussions are fully reported and in¬ 
clude the following subjects: Rremedical Education 
and the Selection of Medical Students, Undergraduate 
Medical Education, The Medical Education of Interns 
and Residents, Graduate and Postgraduate Training 
for Specialization, The Responsibility of Medical 
Schools and Hospitals in the Education of the General 
Practitioner, and The Relation of Group Practice and 
Community Medical Services to Medical Education. 

David B. Tyler 
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Botanik der Gegenwart ' und Vorzeit in Cvliwt- 
historischer Enfwickdung. Bin Beitrag sur Geschkhie 
der Abmdlandfschm Yolker. Pallas, Volume L 
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By iJtz/l F. IIO JessejL [F, U, Brockha^^Sj Leipzig]; 
Tke Ckronka^ Be4araca Civnpany, Walikam; Stschert- 
Safner., Tew York City. $6,00 :naper"!. sxii -i" 495 
pp. [1S64]; 1948. 

Eleven years before Sacbs published his history of 
botaii}*, -.Emch has long mahitair.ed its preeminence 
in its field, Jessen published this history n: botany in 
relation to the history of cullure. Sachs’ historv’ has 
been particularly valuable for its thorough treatment 
of 19th ceatrur}," plant physiolog:.:. Jessen’s is unique 
for ils cultural approach, which leads the editor, Frans 
\“'erdoorn, to acclaim it in the vrords: ‘‘little known as 
it may be at present, [it] is the best concise, aii-around 
history of botany ever attempted.” It has been re¬ 
produced by photo-oiset, even to the original title- 
page. This will involve one inconvenience for most 
non-German readers, namely, the German Gothic 
script and the 19th century spellings, w-Mch scientists 
are not so accustomed to as are those in literary or 
philosophic fields. It is a very slight drawback—or 
perhaps none at all, depending on one’s point of view— 
compared to the advantage of being able one’s self to 
possess this valuable history. This is a most auspicious 
beginning of the Pallas series, in which Frans Verdoom 
plans to bring us otlier out-of-print and classic scien¬ 
tific works. 

Bentley Gl.4SS 



Goethe on Nature and on Science. Second Mi- 
iion. Tke FMUp Mawm Beneke Lecture Deliverei 
ai Lady Margaret Hall, O.rford, on ike 4th March 1942, 
By Sir Charles Sherrington. Cambridge Umversily 
Press, Cambridge, London, and New York. 2s. 6d. 
54 pp. 1949. 

This delightful hour with Goethe and Sherrington is 
the Philip Maurice Deneke Lecture delivered at Oxford 
on March 4, 1942, and first published in that eventful 
year. For the present edition the author has ‘‘worked 
over the whole lecture again.” It is a careful and well 
documented study, and full of the flavor of the irresist¬ 
ible but often impossible Goethe. 

Although Goethe was an ardent student of Nature 
and the Sciences, and gave to the study of the shapes 
assumed by life the name by which it is now universally 
known, morphology, nevertheless Sherrington concludes: 

‘‘Were it not for Goethe’s poetry, surely it •is true 
to say we should no longer trouble about his sdence. 
Such as it was,, it is » science not important.,. His 
enthusaasm as an observer of nature was great But 
a new fact,he met with was apt to send him on a flight 
,of 'imaghatioa into the unknowm. Creative genius In 
fiteature, in scioice his genius longed to create. ■ It 
c«i!d not, always abide the waiting for further experi¬ 
ments and more knowledge-Goethe, though de- 

TOtei to scien«, had not at root the scientific tem- 
pttamoit. He md not, for Instaace, along with the 
to dfecomiy^ ,the sublkae detachment of the sci- 
mtiic thkkors.*^ , , 


In Goethe’s time there had arisen a desire to cata¬ 
logue and arrange in order all the kinds of plants that 
are, the assumption of the time being that the kinds 
around us are still as at the creation of the world. 
Goethe, h.ovrever, had noticed such differences between 
specimens of the same species that he thought specific 
form might be in a state of flux. The continual change 
which he suspected was going on in plant form Goethe 
attributed to the induence of environmental conditions, 
such as t}pe of soil, light, warmth, moisture, etc. Thus 
both Goethe and Lamarck dissented from the Linnean 
“frozen” view of species, although the latter was the 
orthodox view. One recalls that the isotopic evidence 
of the continuous interchange of protein amino nitrogen 
with the environment did not then intrigue observers 
of biological continuity, and altogether there has been 
many a mutation since Goethe sang of change and flux. 

However, many of Goethe’s ideas were less fortunate. 
For example, 

“Goethe never reconciled himself to the Newtonian 
notion of light, although it became the standby on the 
subject for the scientific world,... In following Goe¬ 
the’s science, we are helped by his having laid down 
principles which in his view should govern scientific 
observations. One of them is that the conditions for 
observations should be kept as simple as possible, and 
for that reason should eschew apparatus. Prominent 
in his objections to the prism experiment was that the 
prism introduced heaven-knows-what complications. 
Essential for scientific observation was AnschatdichkeU 
‘obviousness’ or ‘naked clarity.’ This clarity could dis¬ 
pense with mathematics,... which had brought ca¬ 
lamity to optics. He did not see that the use of ap¬ 
paratus Ls to simplify conditions. Nor, again, that 
mathematics can be a main means toward obtaining 
AnschanUchkeit. 

“As regards sdence, Goethe lay becalmed, so to sa^q 
in a small quasi-sdentific backwater of no great ac¬ 
count. But Boyle had been starting modern chemis¬ 
try, and Lavoisier, Cavendish and Dalton had estab¬ 
lished it. Lagrange and Laplace had annexed the nearer 
heavens for Newton. [This while Goethe was dealing 
with material forces by notions ad hoc out of his own 
fanc}".] Further, Goethe’s pronouncements were shot 
through with anthropomorphism, which, unless used 
purely as metaphor, is the occult. In Goethe it is the 
occult. Polariiat, morphogenesis, and so on, have ‘yearn¬ 
ings,’ hikes,’ ‘will/ etc. We are back in the medi- 
aevum and early renaissance.” 

Goethe’s isolation from the main stream of the science 
of his time finds an interesting parallel in a sort of po¬ 
litical becalm, a lack of insight into tlie significance of 
the French Revolution and a failure to appreciate its 
positive aspects. Although he does not stress the paral¬ 
lel, Sherrington finds that “the sans ctdoUes of the 
revolution were to him a hopeless problem as well as a 
repellant mob. Thompson’s poem on ‘Liberty* failed 
because ‘there was no poetry in the theme “liberty.” ’ 
The cry igdiU was hateful to Mm, even in its context 
of that great assertion of the rights of man, that doing 
away with, feudal' privilege. 

, Alas, that our.men of letters do'not always exhibit 
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an insight into their times that is of a qualit}' with 
their eloquence. Goethe is our friend, “but the truth 
is even more our friend.” 

Howard 



Liberty Hyde Bailey. A Siory of American Plant 
Sciences. 

By Afidrerd) Denny Rodgers III. Princeton Univer¬ 
sity Press, Princeim. $7.50 viii -j- 7 plates. 1949. 
Liberty Hyde Bailey, the most recent of Andrew Denny 
Rodgers’ series dealmg with eminent botanists, is far 
more than a mere biography. Rather, it is a compre¬ 
hensive survey of the development of scientiiic agricul¬ 
ture in the United States and Canada, and an account 
of the advances made in botany and zoologv^ during 
the present Century. Liberty Hyde Bailey is the cen¬ 
tral figure in this great drama, and any account of his 
life and work must of necessit}^^ be prhiiarily concerned 
with the great achievements in plant science for which 
he was wholly or in part responsible. 

The story of the founding and development of the 
United Stales Department of Agriculture, the estab¬ 
lishment of agricultural colleges and of departments of 
agricultural science in many older institutions, and the 
setting up of the nation-wide chain of agricultural ex¬ 
periment stations form the background of this book. 
Interwoven with this framework is a fascinating account 
of the work of the stations, the advances in experimental 
research, and the initiation of entirely new branches 
of science, such as horticulture, plant breeding, and 
phytopathology. Through it all runs the thread of 
Bailey’s own career, from its humble beginnings on his 
father’s Michigan farm to Ms present honored position 
as the nestor of American botany. Few men have 
contributed so much to plant science and to the welfare 
of the rural population. Horticulture, floriculture, 
scientific agriculture, forestr>q nature study, rural life 
education, and taxonomy have all benefited directly. 
Whether as Professor or as Dean, as the world’s leading 
agricultural author and editor or as Chairman of the 
Country Life Commission for the improvement of coun¬ 
try' living, his influence has been great. 

The story of the last fifty years and more of plant 
science in the United States, however, is more than the 
story of one man’s accomplishments, however great 
they may be. In the author’s presentation scores of 
other botanists pky a part and their work' is evaluated 
and brought into proper^ focus. 

The book is so fuU of factual information derived from 
letters, documents, collections, and all other available 
records that no review can begin to do it justice. It 
must be read to be' appredated—and read at one’s lei- 
sure—m' order to assimilate 'the wealth of material 
within itS'pages. Suffice it to say, Liheriy Hyde Bailey 
is a worthy- 'sucxes-sor tO',' FeUm, 'John, M&U 


Coulter, and John Torrey, and carries the saga of North 
American botany another step nearer completion. 

Albert F. Hill 



Le FrERE hlARiE-VlCTORIN ET SOX TeMPS. 
^Woyez les Lis des Champs.'^ 

By Robert Rumilly. Les Prtres des Ecotes Chritiemies, 

Montreal. $2.00. (paper), ii -f 459 pp. -f- 41 plates. 

1949. 

Frere Marie-Viciorin v;as born at Kingsley Fails on 
April 3, 1885. He was baptked Joseph Cyrille Conrad 
Kiroiiac. The Kirouac family traced itself back into 
the hfiddle Ages, and its first representative came to 
New France in 1730. The young Conrad was educated 
at L’Academic (Coninierciale) de Quebec, and in 1901 
became a iioMliate at Mont de la Saile in Montreal. 
Throughout the remainder of his life, he was a lay 
brother associated wdth this organization. Early in life 
he became interested in botanical research and explora¬ 
tion and continued his work in tMs field until Ms death. 
He was widely known and appreciated as a taxonomist 
and plant geographer through the world, and was a lead¬ 
ing figure in the development of modern botanical re¬ 
search and instruction in French Canada. The present 
volume •will be of great interest and value to his many 
friends, associates, and students. It appears to be a 
rather definitive biography, dealing not only with 
Brother Marie-Victorin’s many accomplishments, but 
with the influences that shaped Ms life. The book'is 
profusely illustrated with photographs, is arranged with 
explanatory chapter headings, and contains an exten¬ 
sive index. 

H. M. Raup 



American Heartwood. 

By Donald Culross Peatik; decorations by Dmid 

Hendrkkson. Houghton Mifflin Company, Boston. 

$3,50. X -f 307 pp.; ill. 1949. 

In Ms usual colorful language Beattie has reviewed the 
common heritage of all Americans, our trees. He paral¬ 
lels the history of our nation ■with the development of 
the sturdy heartwoodnf a tree, “wi'dening ring by ring 
and year by year—seeking a tall, straight way towaid 
the highest light.” Here is a most ple^nt way to 
appreciate the nation’s growth, “for man and trees are 
partnem in the American story.” Folowing the^ ex¬ 
ploration and trial settlement of the Icelander Erik the 
Red, we are taken through The Groves of Columbus, 
learning su'ch unfamiliar facts as that the, generous na¬ 
tives gave Columbus'“some dried brown'lea v«,” the 
offer of which he failed to appreciate, so 'discarding 
tobacco without, knowing that this pirocnt 'wbs Worth 
“more in ,goid than'al the spices” ffie sought. His 
quest,'IH' 'fact, was for, rhubarb!' Beattie leans heavily 
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on Hs own familiarity with tlie wooded land and deserts 
tliroiigli wliich the Spanish searched for gold, but con¬ 
cludes his account of their nitHess espeditions with the 
cominent that Sante Fe “is Spanish country still, wdth 
the gold leaf of the Spanish tradition laid on the crude 
carving of tlie Indian way of 

Amidst the long leaf pines the story of John White is 
unfolded—that of the first man to have a scientific and 
artistic appreciation of American greener/. John 
Smith comes to life in his record that “The country is 
most overgrown with pynes—the wood that is most 
common is Oke and walnut... A succession of 
stalwarts—Roger Williams, William Penn, John Mar¬ 
shall, Andrew’ Jackson and others—come down to us, 
each surrounded by a heritage involving trees. The 
subject extends into forceful chapters on Old Ironsides, 
herds of bison, and Virginia City. Threaded through¬ 
out is discussion of Peattie^s forthcoming treatment of 
the northeastern sylva, showing that here is one book 
about another. In writing American Heartwoody the 
author explains that “this book of mine is for me a holi¬ 
day. I am journe 3 ing in it w’here my fancy takes me. 
And when you are making ready such a journey, jmu 
put in Tvhat you please, and leave out whatever you 
don’t care to he bothered with. Such irresponsibility 
would never have done, in the book I have just finished 
about trees.” So it is that the reader comes to know* 
Peattie’s home in Santa Barbara and the great oaks 
which protect it and inspire him. 

For anyone who has roamed these United States this 
book combines new facts, smooth wTiting, and re¬ 
minders of personal experiences in many places. It is 
rich in history and nature, for no matter when or where 
one travels, “the ’wonderfully steadying thing about 
the identities in Nature is that they do not change 
through all the desperate flux of men’s affairs.” The 
book deserves an index. 

Lours J. AND Masgesy Milne 



Naturalist’s South Pacific Expedition: Fiji. 

By Oito Hegener, Paradise of the Pacijk, HonoMu. 

$5.00. viii 4- 303 pp,; 'ill 1949. 

Otto Degener was guest botanist to the second “Cheng 
Ho” expedition in 1940*41. The expedition was under 
the sponsorship of Mrs. Anne Archbold, and undertook 
primarily scientific exploration among the Fiji and 
neighboring islands. It set out from the Philippines 
in the latte part of 1940 and went directly to the Fiji 
felands. There Deg'ener left the ship and spent the 
remainder of Ms membersMp in the expedition col¬ 
lecting plants. During some eight months’ work, he^ 
accumtilated about 2100 coUection numbers of Fijian 
plants, wMch were ^nt for study and determination to 
Aibert C. Smith of the AmoH Arboretum and to other 
^cMS'ts, E. D. Merrifl, then Director of the Arnold 
AifwrttuBtt, and W, J* Robbins, Director of the New 


York Botanical Garden, were in general charge of the 
handling and distribution of the collections. 

Degener’s book, though it contains as an appendix 
a numerical list of the collections, is primarily a non¬ 
technical account of his travels and experiences in the 
Fiji Islands. It is eminently readable, lively, and in¬ 
teresting. It is profusely illustrated wnth modern 
photographs and reproductions of old prints. Degener 
is a man of wide experience in travel and botanical 
exploration in the Pacific. He has been extraordi¬ 
narily successful at training native assistants, "who have 
served him not only in a technical capacity for his 
botanical work, but as informants on native lore. 
The author’s botanical experiences are interspersed 
throughout the book ’with colorful descriptions of the 
native life and its setting, and with his quite uninhibited 
comments upon what he thinks of native customs, Brit¬ 
ish colonial policy, the efforts of missionaries, and the 
future of the country. There are intriguing chapters, 
for instance, on native hair-dos, the institution of canni¬ 
balism, and races of man in the Pacific. 

H. M. Rauf 



SvALOF 1886-1946. History and Present Problems, 
Edited by A. Ahermarty 0. Tedin, and K. Frmer; 
English technical editor^ R. 0. Whyte. Carl Bloms 
Boktryckeriy Lund. Kr. 20.00; $6.00. vi -j- 389 pp.; 
m. 1948. 

This interesting collection of papers presents a survey of 
the 60 years of scientific plant breeding carried on by 
the Swedish Seed Association at the Svalof Institute. 
The book was prepared in the hope that it might re¬ 
affirm the desire of Svalof to participate in programs 
involving international cooperation in genetical re¬ 
search. Each of the 22 separate articles was prepared 
by a specialist. Some of them are general in nature 
and deal with the histoiy’- of the Institute, its organiza¬ 
tion, or such topics as climate and soils, biochemistry, 
and the publications of the Seed Association. Others 
outline the principles underlying the experimental work 
or are concerned with the experience gained in recent 
years. Of particular interest are the chapters devoted 
to the more modem fields of investigation—cytoge¬ 
netics, polyploid}^, and x-ray breeding. A wide range of 
plants is discussed, including wheat, oats, barley, rye, 
potatoes, root crops, oil plants, flax, hemp, herbage 
plants, alfalfa, and others of minor importance. The 
excellent typography and illustrations add much to the 
■value of the book. 

Albert F. Hill 



Huang Ti Nei Ching Su Wen. TJte Yellow Em- 
per or''s Classic of Internal Medicine. Chapters 1-34. 
Translated from' the Chinese wUk an Introductory 

Study. 
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By Iha VeUh. The Williams & Wilkins Company^ 

BaUimore. $5.00. xx -f 253 pp.; ill. 1949. 

Tkis is a translation of the first 34 chapters of The 
Yellow Emperofs Canoyi of Internal Medicinej the most 
famous Chinese classic on the subject. The legendary 
Yellow Emperor, Huang Ti, lived supposedly between 
2697 and 2597 B.C. The book that bears his name 
was probably composed in the first millennium B.C. 
The text that served as a basis for the translation stems 
from the eighth century A.D. 

The translated chapters are in the form of dialogues 
between the Emperor and his minister Chi Pai on the 
problems of disease and the healthy and good life, in 
the framework of Chinese basic natural philosophy 
(Tao, Yin and Y'ang). In typical Chinese fashion or¬ 
gans are related to these basic principles, to elements, 
and to seasons in an elaborate system of mystical num¬ 
bers. The fundamental approach in diagnostics (the 
pulse) and the nature of therapeutics are discussed. 
Moxa and acupuncture are treated in more detail. 
Whether that most important element of Chinese medi¬ 
cine, its pharmacopoeia, is absent only from the trans¬ 
lated chapters or from the whole book, is not mentioned 
by the translator. 

This first translation of important parts of a Chinese 
medical classic into English is a medicohistorical event, 
the magnitude of which needs no further elaboration. 
AH those who have contributed to it, especially Ilza 
Veith, the late J. W. Lindau, H. E. Sigerist, and the 
publishers, deserve our heartfelt gratitude. Hza Veith, 
who has so successfully struggled with one of the most 
difficult tasks imaginable in the art of translating, has 
enhanced the value of her book by an excellent histor¬ 
ical introduction and weH chosen illustrations. The 
printers have also done well in a difficult task requir¬ 
ing the combination of ideographs with our own letters. 

Erwin H. Ackerknecht 



VOLUMEN MEDiaNAE PaRAMIRUM OP ThEOPHRASTUS 
VON Hohenheim Caleed Paracelsus. Supplements 
of the Bulletin of the History of Medicine, Number 11. 
Translated from the original German with a Preface by 
Kurt F. Leidecker. The Johns Hopkins Press, Balti¬ 
more. $1.75 (paper), viii -f 69 pp. 1949. 

In this Ittle treatise the famous sixteenth century 
physician and “reformer of medicine’• gave Ms opinion 
on the cause of disease. Disease, he thought, is not a 
product of the bad mixture of the four humors, as 
assumed by his predecessors, but stems from five 
sources: the ens astrale, the ens veneni, the ens naturale, 
the ens spirituale, and the ens Dei. The development 
of the human body is not conditioned by the constella¬ 
tion of stars at birth, as the astrologists claim. ' This 
is caused by an ens seminis (genes?). But the stars 
produce disease through poisonous gases. This is the 
ens' astrale. Every food ^ can poison,' when the * al¬ 


chemist” of the bod^^ fails. This is the ens veneni, in a 
way an anticipation of metabolic disease. The body is 
a microcosm. Its sun is the heart, its moon the brain, 
its Jupiter the liver, its Saturn the spleen, its Venus the 
kidneys. Out of the “constellation” of these “planets’’ 
disease may arise. This is the ens naturale. Attack 
of the will of another person on one’s own will, with or 
without sorcery, may create disease. This is the ens 
spirituale. That this chapter sounds often like our 
“psychosomatic” reasoning is as much the product of 
the immaturity of our own ps 3 xhology as it is a matter 
of Paracelsus’ foresight. The last cause of disease is 
the will of God (ens Dei). It is also only God’s will 
that heals through the physician. GJod sends disease 
as an affliction, and it cannot, therefore, ultimately be 
understood. 

The treatise is a fair specimen of Paracelsian thought: 
a strange mixture of some great sense and far more non¬ 
sense. Longwinded and mystical as usual, it is rela¬ 
tively poor in Ms customary outbreaks of invectives 
and megalomania. Paracelsus’ great “reform” con¬ 
sisted in replacing an old speculative system with a new 
speculative system, based no longer on exclusive “pa¬ 
gan” rationalism, but on a Christian mysticism that 
might be emotionally sympathetic, but is scientifically 
sterile. Y'et Paracelsus has to be studied, whether one 
regards Mm as a great thinker and physician, as Ms 
translator does, or as neither, as it seems to the reviewer. 
Yet Paracelsus, and not Vesalius, Fernelius, or 
Fracastorius, was the representative physician of Ms 
time. From this point of view the Hopkins Institute 
of the History of Medicine is to be congratulated that 
it continues to make available the Paracelsus texts in 
good English translations. 

Erwun H. Ackerknecht 



Lire ahong the Doctors, 

By Paul De Kruif, in collaboration with Rhea De Kruif. 
Harcourt, Brace and Company, New York. $4.75. 
X 4- 470 pp. 1949. 

De Kruif’s latest book follows very much the pattern 
of Ms earher successes: a'bouquet of biographies, tMs 
time of “doctors,” pioneer medical scientists of our time. 
Three of them are remarkable public health men: C. C. 
Young, Herman H. Bundesen, and O, C. Wenger. 
There are portraits of Tom Spies of vitamin fame, A1 
Cobum, fighter against rheumatic fever, Leo Loewe, 
who tackled ,S. B. E., the neurologist Herman Kabat, 
Sidney Garfield of the Kaiser Health Plan, and the 
“great old man’- of American medicine, (probably L. 
Hektoen), fighting cancer, who wants to remain anony¬ 
mous, The same “corny”’old plot is used: the hero, 
creating a miracle, is continously harassed by the villain, 
in tMs case the medical prof^on. The same old cheap, 
‘ffireezy,” style, full of slang, expressions, prevails. 
DeKmif’s popularity as a writer seems to be based' 
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maii-ly on tiio fact tliat {Ee unfortunate average cit¬ 
izen of this es-puritan country has still guilt feelings 
even when swearing c? drinking, and cannot help but 
admire a man who does not sufer from bis inhibitions 
and lets out a Goddam every so often. 

But this book, which pretends to contain a message 
for the salvation of mankind through scientitc medi¬ 
cine, is not primarily a problem of style and taste, but 
of initk. It must be stated that it contains mostly half- 
truths. .'\11 the men DeKraif has described are in a 
way admirable men, but none of them has played 
exactly the role Dehlraif attributes to him. As a 
historian DeKniif is so careless with facts that he does 
not even get the first name of the discoverer of vacci¬ 
nation straight. As to the ‘‘villain,” the medical pro¬ 
fession, this reviewer, though himself an M. B., feels 
free enough from prejudice to admit regretfully that 
about 50 per cent of the author^s accusations are truth¬ 
ful. When, on the other hand, the author repeatedly 
claims that “doctors” are opposed not to social but to 
medical progress because they fear to lose their business, 
the accusation is not only monstrous, it is untrue. Doc¬ 
tors are fortunately a lot better than their ouidal 
re|}resen la lives try to make them look. (DeKmif 
proves his fundamental lack of seriousness by making an 
indirect recantation of all his accusations in the preface 
to a Eeconci edition, just because in the meantime the 
American Medical .\ssociation dismissed its editor, a 
man. whom DeKmif happens strongly to dislike. That 
the A. M. A. continues to pursue the same policies 
through some even more objectionable characters seems 
not to bother a subjectivist of BeKruif’s sort.) 

There are a lew things that the author, when judging 
doctors, either does not know or does not understand: 
for instance, that all his miracle drugs are of little bene¬ 
fit to 70 per cent of an average doctor's clientele, or 
that treatments not only cure, but often also kill. Fail¬ 
ure or toxidty of drugs are practically not in DeKmif's 
vocabulary. 

The reviewer has had to think about this book a good 
deal, because it is in many wrays highly stimulating 
through its criticism, and its enthusiasm. Regretfully 
he has to admit that he has been unable to reach a clear- 
cut decision. As a scientist, wedded to the “whole 
tmth,” he would utterly condemn it. But in a field 
so heavily obscured by the smoke of straight untmth 
used as propaganda, even to r^d half-tmths might 
prove of some positive value. 

Erwin'H. Ackerknecht 



The Worib' of Geoeqe BEREi:,tJEY, Biseop of 
Cloyne. Vdame L Fkiksapkkd Commmiatm; £s- 
my Towmds o Nm Tkewy Vimn; Theory of Visim 

Si'&rf hy i4b' A, Xwff, ^' TiMmm Wdsm ond' Sons 


Lid.j London, Edinburgh, Paris, Mefooiirne, Toronto, 
and Nerd) York. 30s. net (provisional), viii 4-279 

pp. 1948. 

This is the first of a series of eight or nine vol¬ 
umes planned on the works of George Berkeley. The 
present volume contains three of Berkeley's w'ritings: 
Philosophical Commentaries, An Essay Towards a Nm 
Theory of Vision and The Theory of Vision or Visml 
Language Shew mg the Immediate Presence and From- 
dence of a Deity Vindkated and Explained. 

The PMlosophkal Commentaries is actually a collec¬ 
tion of some 900 notes, not intended for publication, 
and originaily contained in two notebooks. They are 
jottings that Berkele}' made of the thoughts and que¬ 
ries that he had when he was trying to work out his 
theory of vision and his metaphysical doctrine. The 
entries are at first glance bewildering and disconnected, 
but it is easy to see here the antecedents of arguments 
vAich found their way into his later writings. The 
Essay is a classic in the his^or}- of psychology and phi¬ 
losophy. In it, Berkeley carefully analysed the psy¬ 
chological cues for the perception of size and distance 
and laid the groundwork for many of our current ideas 
on the subject. The Theory of Vision was a shorter 
work, written in reply to an anonymous critic of Berke¬ 
ley's Essay. The entire collection is carefully and 
minutely annotated by the editor. 

A. CHAP.4NIS 



ECOLOGY AMD XATURAL HISTORY 

Botany of the Can^idian Eastern Arctic. Vegeta- 
iion and Ecology, Pari IIL Naiioml Mlmetmi of Cam- 
duj Bidleiin Number 104, Biological Series Number 32. 
By Nicholas Polmiin, National Museum of Cmiada^ 
Department of Mines and Resources, Mines and Geol¬ 
ogy Branch, Ottawa. 75 cents (paper), viii 4“ 304 
pp. 4- 1 map; text ill. 1948. 

Part in of Poluain's series on the botany of Eastern 
Arctic Canada was actual!}^ finished in the early years 
of the last war, and its publication w^as thus greatly 
delayed. Part I, consisting of a catalogue of the vas¬ 
cular flora, was published in 1940; and Part II, a cata¬ 
logue of 'the non-vascular plants, came out in 1947. 
Part IV, projected for the future, is designed to cover 
certain features of the “sub-Arctic” regions. 

The present volume is w^ell wndtten, and profosely' 
illustrated with photographs. There are 107 of these 
plates. Two maps are given, one a sketch map at the 
beginning of the book showing the geographical divi¬ 
sions used in the text, and the other a larger, more de¬ 
tailed map of the Eastern Arctic, folded and placed in 
a pocket at the back. 

The general plan of the 'Book is on a geographic 
basis. Ten' suMivisions of the area are recognized, as 
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follo^vs: 1) Ellesmere Island: 2) Devon, Cornwaiiis, 
and Somerset Islands; 3) tne norlliem part of Baffin 
Island; 4) central Baffin Island, inciiidiag Cumberland 
Peninsula, tlie land around Cumberland Sound, and 
Xettiliing Lake; 5) southern Baffin Island, including 
the Foxe Peninsula; 6) the Melville Peninsula; 7) north¬ 
ernmost Labrador, consisting of the small tip of the 
peninsula east of IJngava Bay and north of the 60tli 
parallel; 8) northernmost Quebec south to the 60tli 
parallel; 9) the islands in Hudson and Ungava Bays, 
such as Southampton, Coats, Mansel, and Akpatok; 
10) the west coast of Hudson Bay south to latitude 
60 and including ail of Wager Bay. Descriptions of 
vegetation and local ecolog,v are given for each of these 
areas, with the pattern of treatment repeated in each 
area. A list of headings for the treatment of Ellesmere 
will be fairly tj^ical. First come sections on geology, 
climate, and a general treatment of vegetation t 3 ;pes. 
These are followed by more or less detailed descrip¬ 
tions of specific areas visited by Polunin himself. In 
the case of Ellesmere Island, the locality was at Craig 
Harbour, and the communities are described under the 
following headings: uplands; scree and other slopes; 
lowlands; marsh; snow effect; special localized habitats 
and communities; fresh water; strand; and marine. 

The book contains, usually under the general de¬ 
scription of the vegetation in the various geographic 
areas, a wealth of material gleaned from earlier travel 
and description. Those who have undertaken this 
kind of research will appreciate the immense amount 
of painstaking labor that went into the gleaning of 
these historical data. Most travelers do not describe 
vegetation in terms that are specific enough for a plant 
geographer. Nevertheless, when one is familiar with 
the general botanical landscape in which the travelers 
have lived, it often becomes possible to make quite 
accurate interpretations of their sketchy accounts of 
vegetation. Polunin has succeeded in doing this effec¬ 
tively for many areas. 

This reviewer would like very much to have had the 
author make some attempts at generalization within 
the huge mass of material that he has presented. Even 
though such generalizations would have given rise to 
controversy over concepts, and would have been based 
upon many uncertain premises, yet they would have 
been stimulating. TMs is especially true when the 
nature of the development of Arctic vegetation is being 
studied intensively, as it is now. Polunin presents the 
following defense of his lack of attempt at generali- 
atioB. 

'^Tn tackling what^ is thus an almost virgin .though 
huge field I have been struck by two apparent anom- 
ales. The first was that the vegetation of the southern 
part of the area was even less .known than that of the 
north, though this' is mot inconsistent'with the north¬ 
ward 'trend of exploratory activity of 'the past few dec¬ 
ades., The second has been,'that the more I learned 


about^the vegetation of the area as a v/ho!e, tlie less 
IJelt inclined to generalize about it; for if one impres¬ 
sion^ stands out from among all my studies of the'veg¬ 
etation of the Canadian Eastern .Arctic, it is that of 
extreme (and often to me inexplicable) variability^ from 
place to place. Certainly there will long remain a great 
deal more to discover; nor is our knowledge as yet 
n^rly sufficient to allow of detailed comparisori 
other arctic or subarctic lands.’’ 

Anyone wffio has attempted to describe tundra vegeta¬ 
tion will know what is meant by' this. It points dearly 
to a conclusion reached by Griggs and others that the 
tundra vegetation will not yield to analysis by the 
methods usually used in the temperate regions, and 
that new methods and points o,i view must be 
constructed. 

H. M. Ratip 



PiLCHUCK. TIiS Life of a Momiain, 

By Harry Eigman and Earl /. Larruon. Supe¬ 
rior Piihlishing Company^ Seattle, $3.50. xiv -f- 288 
pp. 1949. 

Piichuck, the subject of this story, is an isolated moun¬ 
tain in the Cascades of Washington. The authors 
have selected it because its isolation makes it relatively 
easy to consider as an ecological unit (if such a unit 
ever exists). The Storys of the life on this mountain 
is told in popular style, in such a manner that even a 
simple inddent becomes interesting. The authors have 
employed a very clever device to carry their story in 
centering it around the observations of three friends 
who spend aU their available time eaqploring the moun¬ 
tain. One of these friends, an educated amateur natu¬ 
ralist, writes in the first person and thus brings the 
other two into the narrative. The second man is a 
professional ecologist, and the third an untutored 
naturalist, representing the modern counterpart of a 
frontiersman. The discussions that go on among these 
men enable the authors to present various views and 
arguments relating to the ecological problems of the 
mountain. 

The result is a book that portrays, as well as any 
the review'er has read, the great personal satisfaction' 
and pleasure that can be derived from studying ecology, 
■as well as the relative ease with which even an amateur 
can start such work. The sdentific values of tlie» 
studies are also dearly brought out in various d,iscus- 
sions relating t,o soil conservation and wildife, man¬ 
agement. Interested amateur readers might 'weE use 
this book as a guide for starting similar projects of' 
their own, .selecting isolated ecologicai such 

as islands, beaches, ponds, or stretches of stoMms for 
study. 

. JOHII CUSHIWG 



208 


TEE QUARTERLY REVIEW OF BIOLOGY 


High Jungle. 

By JViliiam Beeoe. Sloan and Pearce^ New 

York, $4.50* xii -f 379 pp. 32 plates; text ill. 

1949. 

“High Jungle” is the region around Portacliuelo Pass 
across the Co-rdillera of Venezuela. Here, in the enor¬ 
mous half-finislied concrete palace of an extinct dic¬ 
tator, Beebe and Ms associates established a biological 
laboratory. For three seasons (1945, 1946, 1948) they 
studied the passing procession of birds, moths, beetles, 
monheys, snakes, frogs, ants, and innumerable other 
animal species, as it passed before the backdrop of 
giant trees and lianas, tree ferns, orchids, and other 
jungle plants. Off to the north, a few miles of pre¬ 
cipitous drop to the blue Caribbean; off to the south, 
and far below the verandas of Pancho Grande, the 
bromm, dustjr savanna, the lights of Maracay, and the 
glistening waters of Lake Valencia; in the Pass, alter¬ 
nating sunshine and fog revealing and concealing the 
teeming life of the high jungle, and modif>dng its ways 
as much as its appearance. 

In the thirty years since Feaae, Beebe's first 
popular book, his observation has lost none of its 
keenness, Hs prose none of its color. l\Tiether he is 
describing the giant 6-inch land planarians or the 
great gray frog w^hich hatches its young from its ovm 
back, the lives of the jungle falcons or the inconceivable 
swarms of motbs beating at night through the Pass 
and against the lighted windows of the laboratory, or 
the fantastic moth wMcb builds a palisade for its 
caterpillars out of its own scales, Beebe’s zest never 
flags. ■ The book contains numerous excellent illustra¬ 
tions from the expedition’s photographs. In short, 
Eiih Jungle is a fine addition to a great series of books 
of natural history^ 

Bentley Glass 



The Sea Shore. The New NaiuTalist A Survey of 
BriHsk Nalural Mistory. 

By C. M. Yonge. Collins, London, 21s. xvi + 311 

pp. -f 72 plates; text ill. 1949. 

This book is the culmination of more than a hundred 
years of such books about the seashore life of Britain. 
The author is fully aware of this long and honorable 
tradition, as his historical chapter, bibliograpMc ap¬ 
pendix, and the use' of charming quotations from Ms 
predecessors as chapter headings alike indicate. Many 
of these books were well, if not quaintly, written and 
illustrated with meticulously accurate paintings and 
precise drawiiigs. Others were miserable hack work 
now deservedly forgotten. How, with ■ the aid of a 
master photc^pher, Yonge has left almost nothing 
for Ms successors in England to add or improve upon, 
and has set up a iri,odeI for anyone who undertakes to 
write/about 'another ^ore. 


Although the subject of this book is the intertidal 
zone of the English coast and its plants and animals, 
it is not a provincial book. The chapters on the 
nature of the shore (except for the discussion of tides, 
which applies to English shores specifically), borers 
into rock and wood, sandy shores, estuaries, and shore 
populations, to name some of the most outstanding, 
are drawm from the author’s wide experience and are 
applicable anywhere. In addition to being highly 
readable, they deserve to be used as reading assign¬ 
ments for students in seashore biology classes, both on 
account of their subject matter and as an antidote 
for the dry diet of textbooks and w’ilted reprints. The 
whole book is a blend of personal experience and ob¬ 
servations wdth the recent issues of the Journal of ike 
Marine Biological Association, 

The photographs, most of them by Douglas P. 
Wilson, are almost beyond compare, and will be the 
despair of all other photographers. To see the coast 
of England, as shown on these color plates, is certainly 
a very fine second best to an actual visit to the scenes. 
As for the portraits of the animals themselves, no bet¬ 
ter photography has ever been published. There are 
things the camera still cannot do, in so far as the pre¬ 
cise requirements of the taxonomist are concerned, but 
the margin between the camera and the lithographer’s 
stone is narrowing down. The printers have risen to 
the occasion, and the color work is on the whole 
excellent. 

Joel W. Hedgpeth 



American Spibers. The New Illusirated Naturalist 
By Willis /. Gerisck D, Van Nosirand Company^ 
New York, Toronto and London. $6.95. xiv -f 285 
pp. 70 plates. 1949. 

It is with extreme pleasure that this reviewer reports 
on American Spiders, the second volume in the New 
Illustrated Naturalist series. TMs excellent book rep¬ 
resents the result of almost a quarter of a century of 
laboratory and field work of one of our leading arane- 
ologists. WMle all specialists will naturally want a 
copy, it may prove to be of even more value to the 
general biologist, the entomologist, and particularly the 
naturalist, who w^ill be delighted to discover the fas¬ 
cinating attributes of spiders. 

The first few pages are devoted to a discussion of 
the place of spiders among other animals in nature, 
and to a brief description of their genera! morphology. 
The greater part of the book is given over to the 
habits and lives of these creatures, mcluding their em¬ 
bryonic development, hatching, growth and molting, 
feeding habits, autotomy, and longevity. While most 
people may think of spiders’ habits only In terms of 
webs spun to entrap prey, Gertsch has elaborated on 
the many other uses to which spiders put their silk, 
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e.g., nursery webs, Mbernating chambers, ballooning 
lines, egg sacs, and a host of others. Also included 
is an account of how human beings, too, have used 
the silk, as fishing nets in Papua, as cloth for garments, 
or as cross-hairs in optical instruments. Besides men¬ 
tioning the role of spiders in classic myths, Gertsch 
also recounts many little-known legends which show 
the importance attached to spiders by numerous primi¬ 
tive tribes. 

An entire chapter is devoted to the sexual behavior 
of spiders, their remarkable courtship habits and mat¬ 
ing positions being described in great detail. It is 
regrettable that the morphology of the reproductive 
organs has not been described sufficiently, and that 
not a single illustration of these organs was included. 
The reader who is unfamiliar with spiders may not 
entirely comprehend the discussion without reference 
figures, while for the specialist figures would have been 
useful in lending support to the “lock and key” theory, 
to which the author adheres. Another omission from 
the book is any consideration of the parasites of spiders. 

Although a few of the more common or conspicuously 
marked species may be identified from the author^s 
descriptive notes or from the illustrations, the volume 
is not intended as an aid in determining species, so 
that for this purpose recourse must still be had to 
manuals. Information about the different families has 
been grouped under four headings, and for each head¬ 
ing a separate chapter is reserved. These include 
first the tarantula and trap-door spiders, then the 
hackled band weavers, third the aerial web spinners 
(including the majority of spiders known to the casual 
observer), and finally the vagabond hunters (such as 
wolf and crab spiders) which do not build snares. To 
most readers the well-authenticated accounts of the 
spitting spider, of the bolas-throwing spider, and of 
those that catch fish, will seem almost incredible. 

Considerable space is devoted to the economic im¬ 
portance of spiders, especially to arachnidism. After 
a background survey of the legends surrounding the 
Italian “tarantula” (in reality a wolf spider), one is 
introduced to the several species of which the bites are 
known to be dangerous to man. A full account is 
given of the black widow, its control, symptoms of 
its bite, and the remedies that have been found useful 
in alleviating symptoms. 

The final chapter deals with the relationships and 
affinities of the North American spider fauna, and in¬ 
cludes a scheme of classification different from the 
usual one, in which the lipMstiids are placed by them¬ 
selves in a separate suborder. The author advances 
some convincing reasons for classing these primitive 
spiders with the purse-web weavers, the folding trap¬ 
door spiders, and others, as atypical tarantulas, in the 
same suborder with the typical tarantulas and their 
allies. CertEun other groups generally considered fami¬ 
lies have been sunk to subfamily status, and a number' 


of the subfamilies have been elevated to higher rank. 
The book closes with a glossary of technical terms, a 
short bibliography, and an index. 

The volume is superbly illustrated with 32 plates in 
full color and 32 in gravure, hlost of these are by 
outstanding masters of the photographic art and are 
in themselves important contributions to spider study. 
The publishers are to be congratulated upon combining 
so well the wmik of these men with that of W. J. 
Gertsch. Undoubtedly the numerous minor t}^o- 
graphic errors will be corrected in time for the next 
printing, thus improving a book that will m all proba¬ 
bility long remain the outstanding volume on these 
much maligned but extremely interesting animals. 

B. J. Kaston 



Webs in the Wind. The Habits of Web-Weaving 
Spiders, 

By Winifred Dimcan. The Ronald Press Company, 

New York. $4.50. xvi -f 387 pp.; ill. 1949. 

The best thing about this book is its title, but that 
l>Ticai phrase is only a deceptive lure to read a volume 
which has a sickeningly coy style throughout. In the 
preface the author states: “It has long been my in¬ 
tention to select some little creature concerning which 
I know nothing, make a careful study of its life, and 
WTite a book about it which would take the reader 
along with me, step by step, on a voyage of discovery.”- 
Undoubtedly the author w’as sincere in this laudable 
aim. How^ever, the following comments should be 
sufficient to show that by using the methods she chose 
the author’s voyage of discovery could end only in 
catastrophe. To enumerate all the errors of fact, mis¬ 
spellings, misinterpretations, and imagined occurrences 
would more than fill the space allotted here. 

After stating her reasons for choosing spiders for 
study, she continues: “ ... it is the more amazing that 
so little work has been done in this field....” Her 
bibliography contains but 14 titles, and it is evident 
throughout the book that the author is completely un¬ 
aware of the vast amount of work that has been done 
on this group wdthin the past half century, not only in 
America but elsewhere in the world. Yet she feels 
qualified to condemn previous workers with words such 
as these: “with his usual inaccuracy” Comstock states; 
or Hingston is “rather too apt to make general con¬ 
clusions from insufficient data.” The latter statement 
is especially startling when coming from a worker who 
indicates that she ceased her observations after 10 
mmutes, because she was tired, and yet will make dog¬ 
matic statements based on virtually no evidence. 

Winifred Duncan resolved that her book would con¬ 
tain no information rehash«J from other books, nor 
any borrowed drawings. ^Aimost 'immediately, how¬ 
ever, curiosity overcame her and she “peeped into just 
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one old spider book I bappened to have to verify my 
own observations^^ Later sne bought more books 
into wbicli she peeped and from wiiicb she extracts 
^^quotationsd^ At least the passages are given as quo- 
tationSj although upon checking them this reviewer 
discovered that the}^ were paraphrases which, more 
often than not, misinterpreted the original. Vei}^ 
often the source is not mentioned beyond a vague 
®”T50oks say.*’ 

After observing a few specimens, or even one in¬ 
dividual, Miss Duncan drew sweeping conclusions for 
entire genera, and in some cases families, although it 
is well known that behavior may vary even among 
individuals of the same species. She triumphantly re¬ 
cords that the authorities in books do not agree with 
her, and that they are, therefore, wrong. Although 
she observed a few spiders on Cape Cod in May, a few 
in California in September, and the majority about 
which she writes during the w’inter months in Mexico, 
she frequentljr lumps together observations on several 
species or genera in the mistaken notion that they be¬ 
long together. Some chapters deal with imidentined 
spiders for which she has invented such appellations 
as the Green Princess, the Baby Faun, or the Orb 
Cream Puff, the latter because it looks *^iik.e the white 
of egg that has been browned in an oven.” (One 
wonders why the name “Meringue Spider” v/as not 
used.) However, the author must have peeped into 
books long enough to find scientific names for some of 
her subjects, altliough a longer look might have en¬ 
abled her to spell them correctly. Often more than 
one letter has been omitted, e.g., Dicki for Dtdyna, and 
sometimes extra letters are added. That these are 
not merely typographical errors is indicated by the 
fact that the misspellings are consistent throughout the 
volume. On one page alone six such errors occur. 
Kames of authors are garbled, as are titles of books, 
and results are often credited to v;orkers who never 
did what she asseverates. 

As for the illustrations, she may not have horrowed 
any, but some are obviously poor copies of vrhat have 
appeared in the books she scorns for their inaccuracies. 
Some are quite definitely not of w^eb spiders at all, 
and Plate 1, showing' a spider’s internal anatomy 
(which she admittedly never studied) is a model of 
dfetortion. Her original drawings are grossly inaccu¬ 
rate, contain imagined structures, and yet lack even 
such easily seen details as the correct number of leg 
segments. Often a drawing will reveal things in con¬ 
tradiction to the text. The arrangement of the illus- 
tmtions is confusing, with'no explanation as to w^hich 
' are “plates” and wMch' “figures,” though all are from 
'pen'and ink drawing. In many cases iEustratious 
iHXiipying maly 'Mf or a third of a page' (often with 
text on the same pa^e) 'are nevertheless called'“plates,” 
whic full page drawings nay be 'called' “figures,” On 
|Wigi^ M and 31 three mdepcndcat illustrations axe' 
“plates 9, 9A, and 9B/’ while on page 46 ap¬ 


pear three independent iliustrations over the legend 
“plates 13 and 14,” without any due as to which is 
13, which 14, and w^hich is unnumbered. After seeing 
the strange illustrations in the book, biologists in gen¬ 
eral W'ill question the reliability of the author’s obser¬ 
vations. Many will wonder at her regular use of 
anthropomorphisms, for she has spiders glaring, show¬ 
ing ecstasy, depravity, and stupidity, being unsports¬ 
manlike, very happy, neurotic, wild with joy, dever, 
contemptuous, suspicious, high-strung, pig-headed, and 
lacking foresight. One female “'hated the sight of 
me” and one male “waggled his palps [the genital 
organs] at me fiirtatiously.” It is difficult to beheve 
that this volume is in the same series with Humphrey’s 
Ways of the Weatherj Eberson’s Microhes MilUa-nt, and 
Luhr’s Fkysics Tells Why I 

Miss Duncan set aside six months for the study of 
spiders, but found that more time was needed and so 
extended her researches into two years, ilpparently 
even this was not long enough for her to leam that 
males do not possess an epig\mum, for which she 
searched in vain on some specimens. Further, in de¬ 
scribing the mating of a pair of Tetragmtha she mis¬ 
takenly assumed that the semen was transferred by 
the enlarged jaws, and her drawing depicting the act 
completely omits the all-important palpi. The spin¬ 
nerets of tarantulas are to her “mysterious horns,” and 
the lung books are “plates ... which cover the tracheal 
breathing tubes”! 

The final chapter, headed General Facts, contains 
directions as to the collection, care, and preservation 
of spiders. Here we find such gems as these: “Never 
leave a spider in an otherwise empty jar. It wil tire 
itself out”; and “Don’t put any w’ater in the bottom. 
They never drink and will sooner or later drown in 
it.” Her directions for preserving spiders are imprac¬ 
tical, and it is small wonder tliat she was unable to 
find certain stractures on their “bloated and tangled” 
bodies. Because of this she is vehement in her de¬ 
nunciations of taxonomists who study merely “mould¬ 
ering corpses on museum shelves.” 

Why the editor and the publishers saw fit to inflict 
such a volume on an unsuspecting pubEc is incompre¬ 
hensible. They would aid the humanizing of science 
most by suppressing the sale of such a mass of misin¬ 
formation, especially as it is not unlikely that popular 
magazines might bring out an extract for the masses. 
It is to be hoped that no such example of the “Mind 
leading the bind” will occur. 

B. J. Kastoh 



Sphinx. The Sioty of a CakrpiUar. 

By Robert M. McClmg, WiUmm Mmm mi Cm'* 
pmy, Nm York; Wm. Collins Sms & Company^ 
Torerday Cmmia. $2.00. 1949. 

This is' a simply written and effectively ilustrated 
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diiid^s book on the development of the sphinx moth 
from egg to adult. The style and format are in keep¬ 
ing with other excellent nature stories in the Morrow 
Junior Series, 



XoxTH AacESiaw Watemowl. 

By Albert If. Day; sketches by Boh Hines. Stackpole 
and Heckj New York and Harrisburg. $4.75. xx 4" 
329 pp. + 1 plate; text iU. 1949. 

Among the maze of popular bird books that pours out 
of publishing houses and descends on the reading pub¬ 
lic there is occasionally one that commands special 
attention, one that is informative, authoritative, origi¬ 
nal, and even more rarely, high readable. This is such 
a book. The reviewer, once started, hardly relin¬ 
quished it even for such pleasurable pursuits as eating 
and sleeping. Not many bird books have that effect. 
It is authoritative because written by the Director of 
the Fish and Wildlife Service on a subject he is best 
qualified to discuss, and it is informative because what 
he has to say is of great importance. 

His message is addressed principally to duck hunt¬ 
ers, although other sportsmen, conservationists, orni¬ 
thologists, and anyone interested in wildlife will derive 
much benefit by reading it. The book starts with a 
description of early America, the terrific toll on wild- 
Hfe that occurred with the opening of the West, the 
slow awakening to the catastrophe that was in store, 
and the beginning of protective legislation. Since one 
purpose of this book is to explain the whys and -where¬ 
fores of governmental regulations, a background of 
understanding of duck behavior is needed. The de¬ 
scription of duck migration and their flj^ays explains 
why various regions of the country may have regula¬ 
tions that differ. The work done by the Servdee in 
order to estimate duck populations ever>' year is care¬ 
fully described in order to illustrate how bag limits 
and dosed seasons are determined. The development 
of the refuge system, its importance to -waterfowl, the 
problems of management, and the value of research 
are further topics discussed in such a way as to help the 
layman understand why such things are necessary, in 
considering waterfowl conservation in Canada it is 
pointed out how duck huntmg k' that relatively 
sparsely inhabited area offers problems that are not 
the same as those in this country and therefore require 
different regulations. The so-called' “situation” in 
Mesdeo is discussed quite frankly. ' It is shown that 
the annual kill in that country is less than the kill in 
the United States on the opening day of the hunting 
^soE and that much of the kill south of the border 
is' the result of iEegal shooting by Americans. The 
final chapter points out that the ultimate fate of the 
wild-fowl depends on the hunters themselves 'and the 
attitude' th^ take toward their sport. The r^ula- 
tioas at wMch so many compkints, are directed are 


only a means which without the help and cooperation 
of sportsmen not in themselves save the pleasure 
of huntmg wildfowl for future generations. On the 
jacket is a statement to the effect that this is not an 
apology from the man in Washington who directs the 
nation^s waterfowl program, but a challenge. It re¬ 
mains for the wiidfowiing fraternity to read this book 
and to accept that challenge. 

Henei C. Ssibeet 



Birds in votir Back Yard. 

By Ted S. FetUt; bird drawings by Gmrge GreUer; 
line drawings by Donald Ross. Harper & Brolkers, 
New York. $3.00. xii -j- 210 pp. -f 16 plates; 
text ill 1949. 

Those who enjoy popular bird books will probably 
find this one good enough to complete reading it. As 
the title indicates, the material is Kmited to backyard 
ornithology: how to attract and how to feed the birds, 
how to provide bird baths, and how to photograph 
them. Since entire books have been written on each 
of these topics, the present one cannot be considered 
as a complete reference work; rather, the author^s at¬ 
tempt is to point out how bird watching can develop 
into an absorbing hobby. From reading the text we 
gather that the writer lives on Long Island; it is too 
bad that the text was not limited to that neighborhood. 
According to the jacket advertising its material is ap¬ 
plicable from Maine to California and intervening 
points. To fulfil this broad coverage a chapter en¬ 
titled What Bird Is That? attempts to describe garden 
birds over this large geographical area. , The result is 
not very good. The species seem to have been selected 
without rh\Tne or reason, and the distinguishing fea¬ 
tures used for their identification are not aptly brought 
out. Thus, the sharp-shinned hawk and the Cooper 
hawk (backyard birds?) have identical descriptions 
except as to size, which is, itself not a reiiabie field 
criterion. The list of plantings attractive to birds is 
better. The book is indexed, illustrated, and contains 
a short bibliography of books of general interest. 

, Henri, C. Seibert 



Studies oe the Nesteno Birds, or the Edwin S. 
George Reserve. Part I. The Vireos, MiseeMam- 
ous PuHkaiiomy Mmmm of Zoology^ Hnwmtiy of 
MkMgan^'Nfmb&'?4. , , 

By Gmrge Mihsek Sidion. UnhmsUy of Mkhigm 
Pressy Ann Arbor^ 11.00 (paper). 37 pp. -p 5 
plat^. 1949. 

Three specie o,f vhws spend the ajmmer on the Ed,-®!!! 
S. 'George R^rve in, Michigan.' Itee are the, yellow- 
throated, ,red-eyed,,,aiid warblng nxms. ' A 'Compara¬ 
tive, study of their nesring, habits reveals no inter- 
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specific rivalry. Tlie warbling vireo prefers trees 
bordering on wet areas and when tbe water level of a 
low-lying tract of land rises, tMs species establishes 
itself; whereas the red-eyed vireo, wbicli prefers drier 
oak-Mckory vroodland, then disappears. Tbe red-eyed 
vireo is bea\iiy parasitized by tbe cowbird, whereas 
the other two species are not. Young males of all 
three species learn to sing fairly well before leaving 
for the south. UTiether two broods are ever reared 
under natural circumstances in this area has not been 
definitely ascertained. 

Since the title of this paper bears the notation Part 
I, we may expect further contributions on the subject. 
These should add considerably to our information re¬ 
garding the nesting biolog>^ of many species (the most 
common ones, we hope). The publication contains a 
color plate of a jmung yeilow-throated vireo just out 
of the nest, done in w’ater color, and rendered with the 
delicacy and feeling of a master bird artist. 

Henri C. Seibert 



The Sandhill Cranes. Bnlletm Number 29, 

By Lawrence H. IValkinsImw, Cranbrook Insiitide of 
Science, Bloomfield Hilis, Michigan, $3.50. x 4- 
202 pp. + 18 plates; text ill 1949. 

The sandhill cranes are wild and wary birds, to be seen 
as they fly away from the approaching observer. Most 
of our knowledge concerning them has been pieced from 
fragmentary and disconnected observations. Yet here 
is an entire book devoted to their life history. To 
accomplish this feat the author has traveled more 
than 70,000 miles and spent 15 years stud\dng their 
habits over their entire range, which spreads from 
Alaska to the Isle of Pines. 

Four geographical races of this species are currently 
recognized: the lesser sandhill crane, Grus canadensis 
canadensis, which breeds in Alaska and northern Can¬ 
ada; the greater sandhill crane, G. c. iabida, breeding 
in southern British Columbia, Alberta, Saskatchewan, 
northwestern and northcentral United States east to 
Michigan; the Florida sandhill crane, G, c. praiensis, 
which breeds along the Gulf Coast, formerly from 
Louisiana east to Georgia and Florida; and the Cuban 
sandhill crane, G. c. nesioies, which is found in western 
Cuba and the Is!« of Pines. Size of wing and of tarsi 
diSerentiate these races; there is very little difference 
in' plumage coloration., The second chapter discusses 
this size variation as well as plumage color and molt. 
The bathing habit of this bird causes its feathers to 
become dyed by various organic colors in the water. 
The next chapter mnsiders the characteristic trumpet- 
'ing calls of the crane, their variations, the notes of the 
young, the time of' day ^and frequency of utterance. 
A chapter' on crane behavior describes the flight, walk¬ 
ing, and swimming activities, as well as the famous 


dance, which apparently is not limited to the courtship 
period but may occur at any time. Food and feeding 
habits are considered next. The cranes prefer grain 
and vegetable matter such as berries, tubers, etc., but 
■will frequently eat grubs, grasshoppers, frogs, mice 
and other animals. Emdence for pairing and territory" 
formation is meager, but what little there is indicates 
that the sandhill cranes remain paired for successive 
years. Each pair seems to maintain a territory, al¬ 
though its defense is not aggressive, since there is suf¬ 
ficient room available for ail. Young birds returning 
with their parents in the spring are chased away. 

A lengthy chapter on nesting includes descriptions 
of nest sites, clutch sizes, egg sizes, incubation periods, 
and the geographical and ecological distributions of all 
four subspecies. It is interesting to note that G. c, 
tahida lays 1.933 eggs per set on the average, whereas 
pratensis lays 1.727, in agreement with the frequently 
made observation that southern birds lay fewer eggs 
than their northern congeners. Data on canadensis 
and nesioies are lacking to extend this observation. 
Nesting success is around 70 per cent. The female 
incubates during the night and both parents alternate 
during the day. Hatching dates become mcreasingly 
early the farther south the nesting area. Considerable 
information on the growth and behavior of the young 
was obtained from a newly hatched bird that was 
hand-reared by the author and which ultimately be¬ 
came a most fascinating pet. 

Both Grus c, canadensis and tahida are migratory, 
wintering mostly in California, Arizona, New Mexico, 
Texas, and northern Mexico; the other two races are 
resident. A survey of the crane population reveals 
that canadensis is the most numerous, with flocks from 
30,000 to 100,000 still being reported. Breeding as it 
does in northern wilderness areas, its future seems 
assured. The greater sandhill crane has been greatly 
reduced in numbers, since its requirements of marsh 
and solitude have been continually restricted by in¬ 
creasing human population and by cultivation of for¬ 
mer marsh lands. Walkinshaw estimates a maximum 
of 1800 sur\ivors. The Florida race seems on the 
increase since the creation of reserves in the Okefinokee 
Swamp and the Everglades. It is impossible to esti¬ 
mate its former abundance, but at present there are 
about 2650 cranes, including those in Mississippi. The 
Cuban race is scarce and is given little chance of sur¬ 
vival unless adequate protective measures are taken 
immediately. 

The odd bits of information that have just been 
mentioned are only fragments of the total materia! 
assembled in this book. A considerable part of the 
data is condensed into tables and maps. The litera¬ 
ture has been diligently reviewed and frequently quo¬ 
ted. Even pertinent observations on other species of 
cranes are included. There are 17 plates of photo¬ 
graphs showing the cranes, their nests, nest sites, and 
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a series picturing the growth stages of Brow^nie, the 
pet. Appendix A provides a ke}' to the cranes of the 
world. Appendix B gives complete distribution rec¬ 
ords for all races of the sandhill crane, including fall 
and spring migration, and winter records for the mi¬ 
gratory forms, listed by state or territory, as w^ell as 
museum specimens. This extensive record (21 pages) 
is follow^ed by the bibliography for those records (11 
pages). The result is a thorough compendium of ex¬ 
isting knowledge on a little known species of bird, a 
book that will remain an indispensable reference for a 
long time to come. 

Henei C. Seibert 



Homing Pigeons. 

By Eerhert 5. Zim; illustrated hy James Gordon Irving, 
William Morrow & Companyj New York. $2.00. 
64 pp.; ill. 1949 

This is another of the excellent “animal monographs’* 
by Zim. Older children (and even adults) will find 
many interesting details regarding the raising and per¬ 
formance of homing pigeons presented in this book. 
The text is accompanied by many good illustrations 
drawn by J. G. Irving. It is to be hoped that this 
will not be the last of this highly informative series of 
animal stories. 

John Cushing 



Pennsylvania Birduee. Second Revised and En¬ 
larged Edition. 

By Eal E. Sarrison. The Fennsylmnia Game Com¬ 
mission^ Earrisburg. 50 cents (paper). 72 pp.; ill. 
1948. 

The Pennsylvania Game Commission is to be congratu¬ 
lated on the appearance of this attractive booklet. 
Its purpose is to create interest in and to secure help 
for the protection of birdlife. The following topics 
are considered: the value of birds; how to attract 
birds (bird houses, feeding, planting); how to study 
birds (field observations, banding, photography); con¬ 
servation of birds (refuges, permits, control); inter¬ 
esting things about birds (a random list of questions 
and answers plus some bird facts and fallacies); a 
check-lst of Pennsylvania birds; and a thumb-nail 
sketch of 50 common birds. Since the booklet con¬ 
tains only 71 pages, half of which are taken up by 
illustrations, it must be obvious that the topics are 
discussed very briefly. Nevertheless, the aims for 
which the booklet was published are successfully ac¬ 
complished; such authoritative propaganda is to be 
recommended, 

Henri C. Seibert ■ 


Pennsylvania Birds or Prey. 

By Robert D. McDowell and Leo A. Lutiringer. 
Pennsylvania Game Commission, Earrisburg. 25 
cents (paper). 33 pp. -r 4 plates; text ill. 1948. 

If -we may borrow from the introduction: “The pur¬ 
pose of this little pamphlet is not to praise or to con¬ 
demn the birds of prey, nor to further agitate the 
age-old controversy concerning their good and bad 
habits. _ The object is to show people how to identify 
them and to understand in a general wa^' the part 
they play in the scheme of nature.” To accomplish 
this purpose, keys to the species of hawks and owls, 
as w’ell as colored illustrations, are provided for their 
identification. Each bird of prey is allotted a page 
for brief remarks on its status and nesting habits. In 
the comer is a sectorial graph showmg clearly the 
type of food consumed and its proportion to the total 
diet. Anyone reading this material with an unbiased 
mind should quickly get the hint that the majority 
of the birds of prey are more beneficial than harmful. 
This booklet should be given widespread distribution 
and made easily available to the public. 

^NRi C. Seibert 



Wild Lire the World 0\er. 

By E. G. Bouknger, A, Radclyfe Dugmore, Wolford 
B. Johnson, Oliver G. Pike, E or ace Donisthorpe, F. 
Martin Duncan, Ray Palmer, Leo IValmsley, and 
David Seth Smith. Wise &. Company, Nm York 
$3.95. 624 pp. + 8 plates; text ill. 1947. 

This is quite as fine a natural histor>^ of animals as one 
may find in a single volume. It is distinguished not 
only for its interesting text, TOtten by a group of 
well-knowm naturalists, most of whom are British, but 
also for its w^ealth of superb photographs of wild ani¬ 
mals. Included, besides the customarj^ groups of mam¬ 
mals, are the chapters A "World Survey of Bird Life, 
Lizards and Snakes, Crocodiles and Other Reptiles, 
Marvels of the Insect Kingdom, Tiny Creatures of 
Pond and Stream (protozoa, aquatic insects, frogs and 
salamanders), Living Fossils of the Sea (sponges, co- 
elenterates, annelids, echinoderms, moUusks, etc.), 
Fish, their Nature and Habits, and, finally, The 
March of Evolution. This is an extraordinarily good 
bargain at the price quoted, and will make a fine gift 
for any young naturalist* 

Bentley Glass 



The Farmer and Wildlire. 

By Dufward L. Alim. WiMUfe Mmagemmt Imtk 
kite, Washington, D. C. , 30 cents (paper). M pp*; 

ill im 

This attractively printed pamphlet is aimed directly 
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at the farmer. In non-technical language it persua¬ 
sively e^lains why wildlife should be encouraged on 
the farm, what the farmer can expect from it, and 
how he can go about inahitig his property attractive 
by creating brashpiles, fence-rows, field borders, ponds, 
and other iniprovements. The principal argument is 
based on the idea respecting land use that wise and 
profitable farming goes hand in hand with the presence 
of wildlife and that only rarely are the t%vo competi¬ 
tive, In accordance with the latest concepts of man¬ 
agement, suitable habitat is stressed, with food of 
secondary importance, and stocking and predator con¬ 
trol relegated to the category of the useless. Numer¬ 
ous illustrations of game and habitat improvements, 
plus some amusing drawings Oscar Watbach, make 
this publication an especially -well conceived and execu¬ 
ted project, one that should do much to spread the 
good word to the fanners upon w'hom the major suc¬ 
cess of wildlife Tnanagement depends. 

Hensi C. Seibert 



Visox, THE Mink. Amenhm Wo^dlanl Tales. 

By John L. George and Jean George. E. P. Duiton 
& Companyj Xeu* York. S2.30. 184 pp.; ill. 1949. 
Like Y^dpes ike Red Fox (Q.R.B. 24 : 59, 1949), Vison, 
the Mink is a fine example of the personalized life 
story of an animal. From the days of blind kithood 
in the deeply tunneled den beside the stream to that 
night, seven years later, when the crafty and battle- 
scarred veteran swam dauntiessiy to his last battle 
with a younger and now stronger usurper (his own 
son), Vison’s life is portrayed both with realism and 
poetic feeling. Not the least attractive feature of the 
book is the wealth of beautiful dramings by Jean 
George. Here is a perfect gift for tlie young naturalist 
of high school age. 

Bentlev Glass 



Nature and its Appucations.^ Over 200,000 Selected 
Refmmes to Naime Forms afid- lUustraiims of Natwe 
as Used in Emy Way. Useful Ref^ence Series, Nnm- 
fef 74. ' ’ ' 

Compiled, hy Jmu Croft EUis. The F. W. Faxon 
Compmy, Boston. $17M. idi -f S61 pp. 1949. 
TMs^ index wiji be an exceedingly useful tool for those 
teachers of biology who wish to find references to the 
more popular articles on subjects of natural history, 
'and particularly to find good illustrations. The extent 
of the md« may be gathered from the fact that even 
the agouti rate 9 reference, while those on the horse, 
'fldtli many aibhcadings,' fiE 29 pages. Althou^ some 
adeat^ ^names are indexed, the majority, of the 
are comiiMm imm«. The high price of 


the volume will probably limit it to general libraries, 
where it is to be hoped it will be universally available. 

Bentley Glass 



Observ.atioxs ox the Plant Commitnities at “Bux- 
dsmar/^ TR.-VXOIE District, New South Wales, in 
Relation to Chortoicetes tesmesotera (Walk.) 
AND Austroicetes CRuaATA (Sauss.). CoimcU for 
Scientijic and Industrial Research, Commonwealth of 
Australia. Bulletin Number 226. 

By L. R. Clark. Council for Scientific and Industrial 
Research, Melbourne. Free upon request (paper), 
64 pp, -j- 5 plates; text ill. 1948. 



EVOLUTION 

The Meaning of Evolution. A Study of the History 
of Life and of Its Significance for Man. The Terry 
Lectures. 

By George Gaylord Simpson. Yale University Press, 

New Haven; Geoffrey Cumherlege, Oxford University 

Press, London. $3.75. rvi -p 364 pp.; ill. 1949. 
These lectures, which throughout show the author^s 
keen feeling for beauty as well as precision of language, 
fall into three distinct parts. The first section of the 
book deals nith The Course of Evolution. In the 
brief span of 120 pages, Simpson has given us perhaps 
the best existing sketch of the geological history of 
life. For those who found Tempo and Mode in Evolu- 
iion overly technical and difficult, nothing better can 
be recommended than this outline. The second part 
of the book deals with The Interpretation of Evolution. 
Simpson’s emphatic disposition of orthogenesis and 
his discussion of the nature and significance of trends 
will not surprise any readers of his earlier book, but 
there are still many students of evolurion who need 
to have the weakness of the evidence for orthogenesis 
pointed out. Those who still refer to the evolution 
of the horse, in particular, as a clear-cut example of 
an orthogenetic trend in evolution ought by afi means 
to be referred to these chapteis. Simpson not only 
stresses the fact that ‘‘adaptation has a known mech¬ 
anism: natural selection acting on the genetics of 
populations”; he goes much farther in showing that 
there is no need to postulate intrinsic forces of racial 
life, senescence, and death, and that evolution is es¬ 
sentially “opportunistic,” in the sense that random 
variations' ma}^ yield “multiple solutions'of adapta- 
tional problems.” This may be seen on the one hand 
in the evolutionary appearance of various superfickly 
similar sorts of image-forming eyes, and on the other 
in the parallels of adaptive radiation seen when “the 
same sorts of opportunities have occurred for different 
groups of animals..” 
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The chapter on the Forces of Evolution and their 
Integration seems to be rather less adequate to its 
purpose than the others. Perhaps this is because so 
vast an array of genetic concepts has been compressed 
here into so small a compass. The treatment is too 
general and, it would appear, takes too much for 
understood on the part of the audience. Those who 
find the treatment obscure may welcome the far more 
explicit treatment of the genetics of populations given 
in Chapter II of Tempo and Mode in Evolution. 

The discussion of The Concept of Progress in Evolu¬ 
tion, together wnth an interesting, if all too brief, 
Mstoricai study of the development of the theory of 
evolution, provides an excellent transition to the third 
part of the book, w^hich deals with Evolution, Human¬ 
ity, and Ethics. Simpson holds that: 

^^evoiution is not invariably accompanied by progress, 
nor does it really seem to be characterised by process 
as an essential feature. Progress has occurred within 
it but is not of its essence. Aside from the broad tend¬ 
ency for the expansion of life, which is also inconstant, 
there is no sense in which it can be said that evolu¬ 
tion is progress. Witliin the framework of the evolu¬ 
tionary history of life there have been not one but 
many different sorts of progress. Each sort appears 
not with one single line or even with one central but 
branching line throughout the course of evolution, but 
separately in many different lines. These phenomena 
seem fully consistent with, and indeed readily ex¬ 
plained by, the materialistic theory of evolution 
sketcired in the last chapter. They are certainly in¬ 
consistent with the existence of a supernal perfecting 
principle, with the concept of a goal in evolution, or 
with the control of evolution by autonomous factors, 

a vital principle common to all forms of life-To 

man, evolutionary change in the direction of man is 
progress.... It is not progress in a general or objec¬ 
tive sense and does not warrant choice of the line of 
man’s ancestry as the central line of evolution as a 
whole. More general and objective criteria of progress 
are available and corresponding sorts of progress exist 
in the history of life. These, too, fail to designate 
man’s ancestry as a central line, and indeed fail to 
reveal any one such line. A majority of them do, how¬ 
ever, show that man is among the highest products of 
evolution and a balance of them warrants the con¬ 
clusion that man is, on the whole but not in ever>" 
single respect, the pinnacle so far of evolutionary 
progress.” (pp. 261-262). 

In the search for an ethic, Simpson avoids the fal¬ 
lacy of “nothing but” (an animal) in estimating man’s 
place in nature. “Man,” he opines, “is a moral ani¬ 
mal” This aHows him to search for a basis of ethics, 
not so much in man’s nature as an animal product of 
evolution, which must lead to a simple survival ethic— 
“what best promotes survival is good”—but rather in 
the unique qualities, of man, as a social being, with 
“conscious knowledge, purpose, choice,. and values 
{that] carry as an inevitable corollary responsibility.” 
The' new evolution,' peculiar to man, involve the 
spread and “Taheritance” of knowledge. , Seen in this 
light, authoritarianism and totalitarianism must alike 


be WTong, w‘hile democracy, although wanting in many 
respects, offers the only ethically good society. Like 
Hogben (see review of The Nen) Auikorifarmiism, p. 
2G0 of this issue), Simpson would appear to anive at 
Muller’s conclusion that along with intellectual free¬ 
dom for all men there must go hand in hand the edu¬ 
cation and elevation of the standard of living of all 
men eveiywvhere, so that the heritage of knowledge and 
powder will belong to the many rather than to the few, 
Simpson puts it this way: “One thing that is definitely 
known now is that breeding for uniformity of type 
and for elimination of variability in the human species 
wrould be ethical!}?', socially, and genetically bad and 
would not promote desirable evolution” (p. 335). “We 
need to remember that cultural evolution proceeds only 
by mterthinking, as organic evolution does by inter¬ 
breeding. The most brilliant of geniuses is an iatellec- 
tual eunuch if his knowledge is not disseminated as 
widely as possible. It is immoral for any man, in- 
dustr}’, or nation to reserve knowledge for its owm 
advantage alone” (p. 337). The alternative for our 
species is self-extinction. For better or worse, man 
now holds within his hands the possibility of either 
directing evolution or ending it altogether. Nec te- 
mere, nec timide. 

Bentley Glass 



Bibliogr.4phy and Index oe Geology Excldswe of 
North America. Geohgkd Society of Amerku. Voh 
ume 13 — 1948. 

By Marie Skgrisi md Heatwr Taige. Geological 
Society of Amerkaj New York. $3.25. xil 4- 386 

pp. 1949. 

Another volume in what continues to be the best serial 
index of any body of scientific literature. When will 
we have more of tiie like, to cover the biological fields? 

Bentley Glass 



, GENETICS ANB CYTOLOGY 

The Yeast Cell. Its Genetics and Cytology. 

. By Carl C. Lindegren. Edmaimml BMiska^Sj Saimi 
Louis. $7.00. xviii + 365'pp.; ill. ,1949. 

C. C. Lindegren is to be commended for a summary of 
some of the recent developments in studies on the 
genetics and cytology of yeast. A major portion of 
the book is devoted to presentations of the author’s 
original publications.' In so doing, Lindegren has, to 
some' extent, slighted the very considerable genetic 
work of the Carlsberg group (Winge, et al), and the 
cytoiogical studies of investsgatora like Subramanian 
and BeLamater. . 

' Some of the ,subjects included, in the book are: 
Sporulation, and Conjugation, Staking Techniques, 
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C 5 lolog}^j Microdissection (of 3 'easL asci), and Regular 
and Irregular Genetic Ratios in Tetrad Anal 3 "sis. 
Tedmiques in use in tlie author’s laboratory for car- 
lydng out genetic investigations with j^east are pre¬ 
sented in some detail, and constitute a very valuable 
part of the book. The author’s view of the nuclear 
cytology of the yeast cell, viz., that the “vacuole” is 
the “nucleus,” is still a subject of controversy in man}’ 
quarters, and so must be taken with reserve. Linde- 
gren presents data on the irregular segregation of a 
number of genes, which he feels cannot be reconciled 
with currently accepted views on genetics. To explain 
these occurrences, he has proposed the theories of 
“depletion mutations” and “conversions,” the essential 
feature of which is the transfer of material from gene 
to gene in the heterozygote. These new theories of 
Lindegren must avrait further critical research for 
substantiation. 

There are a number of tj^pographical errors in the 
text and in the bibliography, and several of the refer¬ 
ences in the text are not included in the bibliography. 
There is no subject index. The book is rather special¬ 
ized lor the general biologist, but should be profitable 
and stimulating to the research worker in genetics. 

Seymour Pomper 



Cellula. Tabulae Biologkae, Volume XIXj Pari 3. 
Eitied^ hy H, Bandovsky. IF. Junk, Den Haag. 
Dutch guilders 60.00 ($15.85) (paper), xvi 316 
pp.;il!, 1948. 

Largely prepared in 1940, but delayed in publication 
by the past war, Volume XIX is essentially a compi¬ 
lation in tables of quantitative experimental data in a 
number of biological fields. The topics covered are 
as follows: Heat production in different cells (Shapiro); 
Ermittlung submikroskopischer Strukturen (Frey- 
Wyssling and Blank); Actions des radiations sur les 
cellules et les tissus (Dognon and Biancani); Cell 
metabolism (Krebs and Johnson); Constantes physico- 
chimiques des colorants, utilises dans Fetude des cel¬ 
lules (Lison and Fautrez); and Vergleichende Chemie 
pflanzlicher Zellen (Froeschel). Much of the informa¬ 
tion, with the exception of that by Frej^-Wyssling and 
Blank,, dates before 1940, and is consequently, in some 
instances, outmoded by more recent findings. The 
specialized worker in these fields, however, win find the 
tabulated material quite useful. 

C. P. SWAKSOH 



/Hybrid Corn (Maize )'m Theory and Pracecce. 

By Gar dm SaskeU. Tke Bhlogkal Press, London. 
^. Ss., or $1.00 (paper). 23 pp. , 

The United States is the only nation of the world 
which' has fully esplored the 'enormous posS'ibilities of 


hybrid com as an agricultural product, despite the 
fact that its proved w’orth has been knoYm for some 
fifteen years. Other nations, however, are becoming 
aware that hybrid corn offers a partial solution to the 
ever-present food problem, and in England steps are 
being taken to obtain inbred lines 'wMch can be satis¬ 
factorily crossed for improved ^delds. The author is 
associated with this project, and in this brief address 
to the British Association for the Advancement of 
Science he outlined the history and methods of hybrid 
corn production, discussed the basis of heterosis, and 
considered the possible value of a breeding program 
for the British Commonwealth. It is a concisely 
WTitten but informative pamphlet. 

C. P. Swanson 



Genetics of the Fowl. McGraw-Hill Publications in 
the Agricultural Sciences. 

By F. B. HuU. McGraw-Hill Book Company, New 

York, Toronto, and London. $6.50. sdi -f 590 pp.; 

ill. 1949. 

A book such as the present one has been long overdue. 
Much of the literature on poultry genetics has been 
published in journals and bulletins which are not easily 
accessible, and all too little effort has been made by 
many authors to give critical reviews of the work done 
by their predecessors. Hutt’s book is primarily de¬ 
signed to meet the needs of courses on poultry ge¬ 
netics and to provide other geneticists and biologists 
generally with a critical digest of the available informa¬ 
tion, It may be said at the outset that both purposes 
have been met admirably. 

The 15 chapters of the book deal with the following 
subjects: the phylogeny and origin of breeds; cytology; 
variations in the skeleton; structural variations of the 
skin; structure, distribution and growth of feathers, 
and hen feathering; skin color; plumage color; lethal 
genes; variations in body size; egg production; varia¬ 
tions of eggs in size, shape, structure and composition; 
disease resistance; reproductive factors, such as fer¬ 
tility, embryonic mortality, sex ratio, sex dimorphism, 
sex reversal, and mosaics; linkage groups; aspects of 
practical poultry breeding. The book closes with a 
list of symbols of the genes of fowls, a glossary of 
genetical terminolog}^, and satisfactory indices. 

The developmental and physiological aspects of 
hereditary traits are briefly discussed in each instance, 
and the interested reader will find in the bibliographies 
of each chapter an excellent guide to the pertinent 
literature. It seems to the reviewer that the chapters 
on reproductive factors are especially satisfactory be¬ 
cause here the author has succeeded, without going 
into controversies over the many over-optimistic and 
unjustified claims abounding in the literature, in giving 
an exceptionally clear account of what is known beyond 
dispute- 
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A comparison of Huttos book with Ptinnett^s Meted- 
Uy in Poultry (1923) shows that not a little has been 
accomplished in the intervening quarter century. Yet, 
in a wider sense, the present book should serve as a 
very strong indictment of the lack of sympathyj un¬ 
derstanding, and support which, chiefly on the part of 
our Agricultural Experiment Stations, is responsible 
for the deplorably slow rate of progress of genetic stud¬ 
ies with fowl. One may entertain the scant hope that, 
beyond its immediate purposes, Hutt’s book will con¬ 
tribute to a more general understanding of the inex¬ 
cusably wide and apparently ever widening gap 
separating “theoretical” and “applied” genetics. 

Walter Lakdauer 



Leber’s Disease. A Genealogic, Genetic and Clinical 
Study of 101 Cases of Retrohidhar Optic Neuritis in 20 
Danish Families. Opera Ex Domo Biologiae Eeredi- 
tariae Humanae Universitatis Eafniensis. Volume 10, 
By Ruth Lundsgaard. Gyldendalske Boghandel, Co¬ 
penhagen; Ejnar Munksgaardj Copenhagen. Elr. 25.00 
(paper). 306 pp.; ill. 1947. 

Leber's disease is an uncomplicated bilateral retrobul¬ 
bar neuritis appearing predominantly (85%) in males 
after puberty and culminating in the course of some 
weeks or months in a stationarj^ loss of central vision 
and optic nerve atrophy. Peripheral vision is re¬ 
tained, so that complete blindness does not ensue. 
The disease is definitely inherited, and early authors 
were led, because of the great excess of affected males, 
to postulate sex-linkage. Ho’wever, the fact that about 
16% of those affected are females, and the fact that 
with a few questionable exceptions an affected male 
has not been known to transmit the disease to his 
grandsons have led some investigators to various mod¬ 
ifications of the theory of the sex-linked inheritance of 
the disease, whereas others have proposed theories 
based on autosomal or even cytoplasmic inheritance. 

Lundsgaard, in another of the studies sponsored by 
the Institute of Human Genetics of Copenhagen Uni¬ 
versity, has undertaken an extensive clinical and ge¬ 
netic investigation of ail the cases of Leber's disease 
occurring in recent years in Denmark. A particular 
effort has been made to trace possible relationships 
between the various Danish families in which the dis¬ 
ease has been reported. This has involved extensive 
recourse to various public and medical records. From 
these efforts there have resulted 20 pedigrees, several 
quite extensive, plus S isolated cases. The author is 
to be complimented on the completeness of her gene¬ 
alogical studies. The pertinent clinical data on the 
diagnosis and course of the disease, and the findings 
of previous investigators, are also treated in detail. 

Lundsgaard's data reveal the usual marked excess 
of affected males. She finds that nowhere in her data 
or in those pedigrees which she is willing to accept 


from the literature is there any evidence that an af¬ 
fected male has transmitted the condition to Ms grand¬ 
sons, an essential prerequisite of sex-linked inheritance. 
She postulates, therefore, that the disease is due to an 
autosomal gene with complete or nearly complete dom¬ 
inance in the male but very incomplete dominance in 
the female, with the further condition that the gene is 
lethal to all spermatozoa which receive it. A some¬ 
what similar theory w'as proposed by Komai in 1934, 

This genetically complex and ingenious hj-poth^ls 
merits careful scrutiny. It appears to provide a formal 
explanation for the observed facts. The author's own 
crucial data are derived from a single extensive family, 
summarized in Pedigree A. It is stated that of 7 
grandsons of certainly affected males, and 4 of prob¬ 
ably affected males, none developed Leber's disease. 
It is unfortunate that these critical lines of descent 
are not dearly indicated on the pedigree in question, 
nor was the reviewer able to find data on the age of 
the unaffected grandsons—an extremely important 
point when one is concerned with a disease so vari¬ 
able in its age of onset. Certain confirmatory data 
are cited from the literature, but part of these appear 
open to the same criticism regarding the age of the 
unaffected grandsons. The reviewer does not mean 
to imply that the point is invalid, but rather that it 
is not possible from the presentation to form an ob¬ 
jective opinion as to the degree of validity. An unre¬ 
lated objection to this hj^pothesis, of an entirely theo¬ 
retical nature, is the fact that there is little evidence 
from the extensive investigations of infra-human ma¬ 
terial that genes contained in spermatozoa are phys¬ 
iologically active. .Although there are bound to be 
exceptions to this rule, the fact remains that they 
must be uncommon. 

The author's conclusions would be strengthened by 
further data relating to the above-discussed grandsons. 
It is greatly to be hoped that follow-up studies will 
be carried out and that the results will be added to 
these extensive pedigrees. Even without this addi¬ 
tion, however, the monograph must be accounted a 
very significant contribution to a complex problem in 
human inheritance. 

James V. Neel 



Heredity m Httmam Leukemia and its Relahoh 
TO Cancer. A Genetic and Clmkd Study of 209 Pro- 
hands. Opera Ex Domo Bklogim HeredHarme Mu- 
manae UnhersiMis Safnimsis. Volume IS, 

By Aage VUebmh Arnold Busck and Ejnar Munh- 
gaardj Copenhagen; R, K. Lmu^ Imdon .' Kr. IS.CO 
(paper). 279 pp.; ill. 1947. 

The author reports the results of an extensive study 
on heredity m human leukemia, together with a re¬ 
view of the avaiiabie Iterature on the subject. The 
'Starting point for the investigation was a material of 
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310 persons for n;riOni a diagnosis of leukemia had 
been made between the years 1936 and 1945 In the 
greater Copenhagen (Denmark) area. It v^ras possible 
to obtain accurate data on the family histories of a 
representative group of 209 of these individuais. The 
control material consisted of 200 normal persons. For 
both the control and the leukemic groups, an attempt 
vras made to determine the morbidity of leukemia and 
other forms cf cancer in parents, grandparents, pa¬ 
ternal and maternal uncles and aunts, brothers, sisters, 
amd children. There were 4041 relatives in these cat¬ 
egories for the leukemia material, and 3641 for the 
controls. Seventeen of the leukemic patients were 
found to have some relative with leukemia, jdelding 
a minimum ^‘familial incidence” of 8.1 per cent; only 
one case of leukemia was discovered among the rela¬ 
tives of the controls. The familial cases followed no 
simple genetic pattern. There was no apparent tend¬ 
ency for the same of leukemia (myelogenous, 
iyniphocylic, acute or stem-cell) to occur within a 
family in which there were multiple cases. The au¬ 
thor concludes, therefore, that from the genetic stand¬ 
point the three above mentioned tj*pes of leukemia 
may be considered as a single entity, with the tend¬ 
ency to develop the disease depending on “chromo¬ 
somal inheritance,” possible “failing dominance,” pos¬ 
sibly, “polymeria.” There is some evidence to suggest 
that all forms of the disease are diagnosed earlier in 
families in which there are multiple cases than in fam¬ 
ilies in vrhich the case is an isolated occurrence. One 
or more cases of pernicious anemia w’ere observed in 
17 of the 209 families for which the proband was a 
person with leukemia, but in only 6 of the 200 control 
families, from which it is concluded that there is a 
significant tendency for leukemia and pernicious ane¬ 
mia to be associated in the same family. Diabetes, 
hyperthyroidism, and hy’pothyroidism did not have 
any higher incidence in leukemic individuals and their 
relatives than in the control material. 

i\mong the 404i relatives of the 209 leukemic pa¬ 
tients, the diagnosis of cancer had been made in 319, 
while among the 3641 relatives of the control pro¬ 
bands there were 218 diagnoses of cancer, the difier- 
eiice being significant and present in all categories of 
relatives. The increased cancer incidence among the 
reiatiV'CS' of leukemics did not appear to be restricted 
to any particular type of cancer. It is stated .that 
the, cancer risk^—“the probability of the relative in 
question getting cancer if he lives through,all the age 
classes, in which it is pos^le' to get cancert*—^is the 
same for all types of leukemia, varying from 23 per 
cent in imtemal aunts to 48 per cxnt in fathers, with 
an-average of 31 per cent, whereas in the control ma¬ 
terial 'the average is 21 per cent. It is felt that the 
.suggest that there -is a dominant gene common 
far al the differmt lonnS'- of .cancer. The- author pos- 
tiifetcs that the develppniOTit of leuk'emia- in any in-, 
dMiual depends on variety'of fectors, inciudMg a 


non-specific hereditary predisposition to cancer, which- 
is believed to be present in at least 20 per cent of the 
population, and the presence of one or several genes, 
the activity of which plays a role in the localisation 
of cancer to the leukon. 

The data which the author presents are extensive 
and apparently of high validity. His case for an in¬ 
creased familial incidence of leukemia and other forms 
of cancer among the relatives of leukemics appears 
sound. The reviewer’s only reservation concerns the 
inevitable question of the strict comparability^ of the 
control material; no significant discrepancies are read¬ 
ily apparent. The promulgation of a precise genetic 
theory to account for the observed facts may impress 
some as premature, yet to the extent that this serves 
as a point of departure for further discussion and in¬ 
vestigation it performs a valuable service, regardless 
of the final verdict concerning its validity. 

James V. Neel 



Dictionary of Genetics IncUding Terms Used in 
Cytology, .Animal Breeding and Evolution. Lotsya—A 
Biological Miscellany, Volume 2. 

Co7yipiled hy R. L. Knight. Chromca Botanica Com^ 
pany, Waltham, Mass.; Steckert-Hafner, New York 
$4,50. xii -h 183 pp. 1948. 

The production of this dictionary of genetics w^as a 
vast labor which all biologists will surely, in spite of 
its minor faults, regard as wholly praiseworthy. To 
quibble over a few faulty definitions, most of which, 
like the definition of “orthoploid,” are simply too nar¬ 
row in failing to indicate all the current uses of the 
term, w'-ould be grossly unfair. It should be a personal 
obligation of every^ geneticist and cytoiogist to refer 
to the author suggestions for the correction and im¬ 
provement of the definitions given and for the inclu¬ 
sion of other terms. To Knight himself w^e can only 
render gratitude for doing what many would regard as 
a thankless task, but which all will recognize as a 
most valuable contribution, now that it has been 
made. Among the useful features of the book are 
its several appendices, which contain such informa¬ 
tion as useful statistical formulae, coefficients of the 
expansion of (1 4* x)® from 1 to 20, values of 2“ and 
4^ for values of n from 3' to 20, a table of x®* genotypes 
expected in backcrosses and in Fa, percentages of ho¬ 
mozygotes'following selfing up to Fi 3 , the rate of elim¬ 
ination of a donor genotype by backcrossing, and the 
International Rules for Symbolizing Genes and Chro¬ 
mosome Aberrations, etc. 

Bentley Glass 



GENERAL AND SYSTEMATIC BOT.ANY' '' 
Isstternational Rules of Botanical Nomenclature. 
Formui'cM hy the Boiankdl Cmgresses of 
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Yimmy 1905, Brtmds, 1910, and Cambridge, 1930; 
Adopted and Revised by the Ini&'natkml Botanical Con- 
p’€s$ of Amsterdam, 1933. Unofficial Special Edition 
Issued as a Ser’dce to Members of the American Society 
§f Plant Taxonomists. Britionia, Volume 6^ Number 
1,1947. 

Compiled from various sources by W. H. Camp, E. 

RickeU and C. A. Weatherby. The Chronica Bo- 

tanka Company, Waltham, Massachusetts. $3.50. 

Pp. 1-120. 1948. 

In March 1946, at a meeting of the council of the 
American Society of Plant Taxonomists, a committee 
on nomenclature was formed to begin preparing agenda 
for the next International Botanical Congress. It soon 
became clear that before this could be done, it would 
be necessary to prepare a clear statement of the ex¬ 
isting international rules of botanical nomenclature. 
Copies of the last edition of these rules (1935) were 
no longer available, and emendations to them made 
later in 1935 were not readily available to many Amer¬ 
ican students. The committee, therefore, has com¬ 
piled the existing rules in a single volume, which they 
say is not to be regarded in any sense as an official 
edition, although it is taken from authentic sources. 
As appendices they have included lists of nomina con- 
servanda and an index to the plant names appearing 
in the lists of conserved generic names. The book 
ends with a general index. 

Originally published in Brittonia, the publication 
now appears in a ^'second printing,” reproduced by 
offset lithography. To institutions and individuals 
concerned with taxonomic research, it will be a valu¬ 
able tool. 


H. M. Ratjp 



The Essentials of Planet Biology. 
f By Frank D. K&rn. Sarper and Brothers Publishers, 

^ Nm York and London. $4-00. viii -h 4^ pp. 4- 
6 plates; text ill. 1947. 

The subject matter in this elementary textbook has 
been divided into two major categories: the main¬ 
tenance of individual life, and racial preservation. 
When it is considered that these two rather inclusive 
topics are encompassed in a book designed for a one- 
semester course in botany, it is readily understandable 
that no single phase of the science can receive other 
than a most cursory treatment. The chapter on plant 
anatomy is probably the most completely written and 
Ulustrated. Nutrition and physiology are presented 
in, a most elementary fashion, e.g., only three very 
simple chemical reactions are presented. Mebsis is 
ojnsidered in a page and a half plus one incorrect 
diagram, although :the author stresses, the fact that' 
, ®‘the wimle^ proems of mdosis must be understood be¬ 
cause it affords; the .basis of the genetic phenomena .to 


be discussed later.” Crossing over is disposed of by 
the statement that is reported that linkage is not 

perfect.” 

The book, therefore, although well WTitten and il¬ 
lustrated, can scarcely be considered tlie equal of other 
similar volumes. It can be recommended, however, 
for those students who must take a required course 
in the natural sciences—it will not overtax them. 

C. P. SWANSOF 



Studies in Plant Life. Second Edition. 

By Harvey E. Stork. Bwgess Publishing Company, 
Minneapolis. $3.00 (paper), vii -|- 115 pp.; ill. 

1949. 

Laboratory ExEsasEs; Biology of Plants. 

By E. L. Dean. Ww. C. Bromir Company, Dubuque, 
Iowa. $2.25 (paper), vi + 265 pp.; iE. 1949. 
Laboratory anto Field Exercises in Botany. 

By Fred W. Emmon and Lora Mangum Shields. 
The BWkiston Cmnpany, Philadelphia and Toronto. 
$2.50 (paper), xii + 303 pp.; ill. 1949. 

W'ORKBOOK IN Fundamentals of Plant Science. 

By George B. Cummins and George A. Cries. Bur¬ 
gess Publishing Company, Minneapolis. $2.00 (pa¬ 
per). iv-M21pp.;ffl. 1948. 

Laboratory Problems in Plant Science. 

By George B. Cummins, George A. Cries, Jesse H, 
Leffiorge and Forest W. Stearns. Burgess Publishing 
Company, Minneapolis. $2.00 (paper), iv -f 112 
pp.; ill. 1948. 

Prepared laboratory manuals in botany can be had 
for almost any type of course. Most are designed to 
meet the needs of particular courses given by their 
authors, but the requirements of almost any beginning 
botany course can be met by one or another of the 
many manuals currently available. The current crop 
reflects this diversity. Those by Stork and Dean, re¬ 
spectively, are semi-textbooks, on the whole weE writ¬ 
ten and reasonably Elustrated. The manual by Em¬ 
erson and Shields is a laboratory accompaniment to 
Emerson’s exceflent Basic Botany. That by Cummins 
and Cries is particularly poor, and any r^mblance 
between their drawings and actual plant materials Is 
pure coincidence. 

Laboratory manuals are obvious time-savers for 
both students and teachers, but one is led to wonder 
whether a student acquires what he should from this 
sort of teaching device. Rapidity of traiiiing Is'imt 
becoming a goal in itself, and the encouragemmt of 
curiosity seems noticeably mining. There can be Mttle 
doubt that part of the lack of enthusiasm for botany 
'among studeits stems from,, the mechanical introduc¬ 
tion to the' scieace wMch these manuals,represent. ' 

C* P. SWAIfa)N 
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CoNTJasuTioNs D'E l’Ixstitut BOT.\XIQt:E DE 
\^rsit:e de Montreal. Rotmiks Etudes Taxono- 
miqiws S 2 ir la Fhre de Gida, Ximiher 63. 

By Frire 3Iarie-Vidorm. Universite de Montreal, 
Instiiut Botanique, Montreal. 50 cents (paper). 77 
pp.;ilL 1948. 

This contribution consists of six postliumous papers 
prepared by Frere Marie-Victoriu before his death in 
1944. They are additional material to Contribution 
No. 49, published in 1944 by Frere hfarie-Victorin and 
Frere Leon of Havana. The present volume has an 
explanatory foreword by Jules Brunei. Nineteen new 
entities are described, consisting of 15 new species and 

4 new varieties. First is a review of the genus Bed- 
yosmum, with a key to the species and a description of 
1 new species, E. leonis. The second paper is a treat¬ 
ment of the genus Belotia in Cuba, and contains one 
nomenclatural change; B. lessertima Hochr. is reduced 
to a variety of B. gremaefolia. The third paper is a 
revision of the genus Spatkelia, with a description of 

5 new species and 1 new variety. The genus Burdiaea 
is revised in the fourth paper with descriptions of 4 
new species and 3 new varieties. The remaining two 
papers treat the genus Ramnia, with 3 new species, 
and contain a description of a new species of Sdbhatia. 
The papers are amply illustrated mth photographs. 

H. M. Raup 



CONTEIBUnONS DE l’InSTITUT BoTANIQUE DE l’UnI- 
VERSiTE DE MONTEJEAi. Number 64, March 31,1949. 
Insiitut Botanique, Universite de Montreal, Mont- 
red. 50 cents (paper). S3 pp.; ill. 1949. 
Contribution 64 consists of seven papers, all con¬ 
cerned primarily with taxonomic and floristic studies 
in eastern Canada. The following is a list of the con¬ 
tents: The rediscovery of the Besmid Pleurotaenium 
spinuhsum, with description of a new variety from 
Madagascar (Jules Brunei); Ackro&nema spiroideum 
Skuja. 1948, of the Trichobacteriales, discovered si¬ 
multaneously in Sweden and in Canada (J.Brunei); 
Le genre Ehiine dans le Quebec (Roger Gauthier and 
Marcel Raymond); Notes sur le genre Carex. II. La 
valeur taxonomique de C. arciogem (M. Ra 3 miond); 
Notes sur les Arisaema du Qudbec, (M., Raymond); 
Quelques Musdn6es des lies de la Madeleine, (James 
Eucyniak); Enumeratic plantarum vasculanim Terrae 
Novae, (Ernest Rouleau)* 

H. M. Raxtp 



Atlas pour la DsItermihation des Diatomi^s. 

'By P. Lefibwe, LdboraMke de Mkrogrspkie, Pmis. 
3CX) fr. (|»per). 80pp,;ill. 1947. 

^Ttety-one plates ilustrating aadddentif 3 dng diatoms, 
with a table of genera but no keys. 


The Algal Genus Gracilaria in Australia. Divi¬ 
sion of Fisheries—Report Number 15. Council for Sci¬ 
entific and Industrial Research, Bidletin Number 235. 

By Valerie May. Council for Scientific mid hidus< 
trial Research, idelhourne. Free upon request 
(paper). 64 pp. + 15 plates; text ill 1948. 

A taxonomic study of the 9 species of the genus Gra 
cilaria, most used in Australia for agar production 
Six new forms are described. 



Natural History of the Danish Lichens. Orig 
inal Investigations Based Upon New Principles, Part 

I-VIL 

By Olaf GalUe. (/-JF) E. Aschehoiig & Co., Co* 
penJmgen; (F-F/I) Einar Munhsgaard, Copenhagen, 
Dan. Kr. 40.00 each (paper). (I) 93 pp. + 160 
plates. 1927; (II) 84 pp. + 128 plates. 1929; (III) 
114 pp. 4- 127 plates. 1932; (IV) 81 pp. -f 133 
plates. 1932; (V) 117 pp. + 140 plates. 1936; (VI) 
103 pp. + 88 plates. 1939; (VH) 62 pp. -f 101 
plates. 1948. 

Lichenoiogists, particularly the English-speaking 
group, should consider themselves fortunate in having 
available the seven completed parts of this proposed 
10-volume work. The 592 pages of English text are 
supplemented by 2,977 black and wliite drawings 
water colors, and some color photographs on 776 
plates. The quality of the paper, the large type, and 
the beautifully reproduced illustrations refiect well the 
generosity of the Carlsberg Foundation, which has 
sponsored Gali^e’s studies. The last two volumes will 
consist of a general survey of the taxonomy and nat¬ 
ural history of Danish lichens; an index to genera and 
species would make the material more readily avail¬ 
able. 

Although the title would imply a local survey of 
Danish lichens, the treatment itself considers genera 
and species having a wide, north temperate distribu¬ 
tion; hence the work has a more genera! application. 
The style is monographic, although the author does 
not cite s>monymy; he admits that much of the basis 
for his species conception is contained in Th. Fries* 
Lichenographh Scandimvica. The handling of some 
60 genera and numerous species is also unique in that 
the author presents a detailed morphological and ana¬ 
tomical analysis of ^‘typical, selected and representa¬ 
tive** individual specimens to give a concept of the 
particular species instead of conventionally citing 
Thus, Lobaria pulmomria is given with de¬ 
tailed description and drawings of six specimens. He 
suggests this as a means of gaining a better conception 
of a species in the absence of type material. Gall^e*s 
early suggestion, in Volume One, for the development 
of an International Institute for tjjpe specimens would 
not be too willingly accepted by most taxonomists 
with our present-day realization of what has happened 
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to the plant collections stored in bombed-out Euro¬ 
pean cities. 

With each genus Gallic gives a statement of the 
phylogeny. Species treatment consists of a full, ex¬ 
pert description supplemented by numerous detailed 
illustrations of the internal thalius anatomy, apothe- 
cia, spores, and gross morphological features, of which 
one can only quote the late Lynge’s critical remark:— 
“Gallj^Je’s figures are excellent as they always are.” 
With the exception of a local citation, no floristic data 
are presented, for, as the author clearly states, this 
is not a floristic study but a natural history survey. 
Neither are chemical reactions given, for the author 
rightfully considers the interpretation of these reac¬ 
tions as *disputable^” To students in lichenology, to 
cryptogamic botanists with little knowledge of lichens, 
and to the non-professional botanist, the natural his¬ 
tory of the Danish lichens makes available a wealth 
of information to those seeking definite answers re¬ 
garding the morphology of lichen genera; it will serve 
admirably for the identification of species or as an in¬ 
troduction to the interesting science of lichenology. 
This is an excellent treatment of a generally ignored 
branch of cryptogamic botany. 

George A. Llano 



Les Champignons. Tableaux d^un Monde Eirange, 

By Roger Heim; photographs by Jean Vincent; iU 
lustrations by Ywnne Jean-Eafen. Editions Alpina, 
Baris. 2200 fr. (paper). 143 pp. + 6 plates; text 
ill. 1948. 

This hook appears to be intended for those intelligent 
persons who lack a special training in mycology but 
who are, or may be led to become, interested in the 
fungi which lie before them wherever they may go. 
The author indicates that the subject of mycology 
may be at the same time a sport, a science, and an 
art. The proper study of fungi involves personal visits 
to their natural habitats, learning where and when to 
find them and, having learned to know them, the fac¬ 
ulty of remembering what they are and for what rea¬ 
sons they are of special interest. Heim gives careful 
advice which, if followed, will aid the would-be my- 
cophagist to find and recognize dangerous species first 
and then gradually the safe ones, beginning with those 
most easily detected and distinguished from the poi¬ 
sonous sorts, and then proceeding to the recognition 
of most of the fungi that may be made use of. Trans¬ 
lating from the author: ‘^Once the worst spedes are 
known, the mycophagist wili penetrate gradually 
among those which merit his confidence for the 
kitchen. He wili approach them with prudence, with 
method, progressively, commencing not with the best 
but with those wMch one can characterize best in a 
limited category. He will' reject all those eminently 
dangerous rules of thumb wMch are current in the 
rountry and elsewhere: the piece of silver that blackens. 


the onion that turns brown, the flesh that becomes 
blue, etc.” He criticizes the difficulties caused in most 
books by too technical an approach to the subject, as 
well as by the reluctance of the masters of the sub¬ 
ject to give their time and effort to wxite about it ac¬ 
curately but in words that the laraan can compre¬ 
hend. 

The main chapters are: The Fungi of April, Russtda 
and Lactarius; From the Clavarias to the Pol 5 p>ores; 
The Boleti; The Fungi Which Gleam (including a brief 
discussion of luminous fungi as well as those which 
shine when their viscid coat becomes wet by ram or 
dew; The Agarics; The Gasteromycetes; The Des¬ 
troyers (fungi mjurious to plants); Insects and Fungi; 
A Visit to the Laboratory (to see fungi under culture); 
The Healers (antibiotics); and finally, an invitation 
for a Field Trip. This part is followed by a Summary 
Table of the general classification of fungi and by a 
Key for determmmg the European genera of Gill Fungi, 
and a Key to the European genera of Basidiomycetes 
growing on dead or d 3 dng wood (mostly the Hetero- 
basideae and Aphyllophorales). Each chapter pre¬ 
sents a short general discussion and then is illustrated 
by marvelous photographs of the more important spe¬ 
cies, each with a description in non-technical terms 
of their most distinctive characters. Notes are given 
as to their safety or danger when eaten. Such notes, 
however, are not always given in these separate de¬ 
scriptions, but are included in the general text or even 
in the introductory chapter. In criticism, the re¬ 
viewer wishes that a list had been given of all the 
spedes illustrated, with emphasis on their safety or 
danger as food. The six colored plates are from wa¬ 
ter-color sketches which lack the finer details but 
show well the forms and colors. 

in this book, intended mainly for the general pub¬ 
lic, the author does not indulge in the extensive genus- 
spEtting that is now becoming the style among some 
modern mycologists, but gives the older, more famil¬ 
iar names. Each species illustrated is discussed under 
its French name, although the Latin name (without 
author dtation) is given for each uncolored figure. 
The size of the book (10 X 9 inches) and its paper 
binding will prevent its being used extensively for 
field trips,, but its careful perusal can not fail to 
stimulate and help inteBigent persons who read it be¬ 
fore and after making such trips* Although intended 
primarily for France and adjacent regions, the fact that 
most of the sped^ illustrated occur even in America 
will make the book well worth poss^ing in this 
country. 

Ernst A. Bisses 



PoisoNOirs Fengi*' The King Bmgmn Books. 

By John RamshoUm; wUh coUm pMes by Rose 
Bmguin Books^ Londm and Nmo York, 
$1.00. 32 pp. 4-ifi'plates*' 1945. 
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TMs compact little volume successfulhr mamtains the 
standards wMch have characterized the other King 
Penguin books covering teclmicai fields. The typog¬ 
raphy and general format of the book, are excellent. 
The 16 pages of coiored plates are in general accurate 
and effective, embeliisliiiig as well as supporting the 
compact text. The board covers, with conventional 
mushroom figures in a repeat pattern, are in colors 
sufficiently lurid and warning to give at once a sub¬ 
jective impression of poisonous qualities. 

The general part of the text, in the brief space of 
14 pages, covers the historical background of the rec¬ 
ognition of poisonous mushrooms, ^ves the necessary 
definitions and derivations of terminology, and does a 
helpful service in pointing out the futility of the popu¬ 
lar and superstitious criteria for distinguishing poi¬ 
sonous forms and emphasizing the need for the study 
of the essential features on which trustworthy rec¬ 
ognition depends. Attractively vnitten, this introduc¬ 
tory general treatment is enlivened with the deftly 
whimsical and amusing touches for which the author 
is wefl-known. 

The descriptive and more technical part of the text 
(16 pages), characterizes the important poisonous gen¬ 
era, emphasizes the several species of Amanif^ that 
are notably deadly, and briefiy and effectively de¬ 
scribes the poisonous species of lesser importance in 
11 other genera, especially Lepiof^j LaciarmSt Russula, 
and Entoloim. Since practically all of the species dis¬ 
cussed occur in this country as w^ell as in Great Bri¬ 
tain, the book will be of equal value here, although 
the illustration of Amanita muscarm, as shown in color 
plate 4, has the deeper red cap tjpicai of the Euro¬ 
pean form, less t)q)icai of those found in this country. 

WILLI.4M; H. Weston 



Henrici^s .Molds, Yeasts, .and Actinomycetes: A 
Saniboak far Shtimfs of Bacteriology. Second Edition. 
By Cimrles E. Skimer, Ckesier fl'k Emmons, and 
Henry M. Tsmkiya. John Wiley & Sons, New 
Tmk; Chapman & Hail, London. $5.00. xiv fi- 
409 pp.; in, 1947. 

This second edition will receive an enthusiastic wel¬ 
come, not only from those already familiar with the 
valuable and useful first edition of 1930, but also from 
many additional readers who wffil learn how effectively 
this meets their needs' and will appreciate the farsight- 
edn^ess of Henrici, vrho foresaw these needs many years 
ago. The present authors, Skinner, Emmons, and 
Tsudiiya, undertook the rewiitiiig of the book largely 
out of regard for Dr. Henrici, whose failing health 
haitei his own reviaon. Co,nsequentiy, they have ad- 
doaely to the spirit wMA morivated the orig- 
ipal namely, to pr«iit for the Imcteriologist 

an drousA^n of molds, yeasts,' and 'uctino- 

mycrtw, togethttr jpth h working' knowlalge' of per¬ 


tinent aspects of mycology which wiE greatly enhance 
his effectiveness in his own field. Toward this end 
the emphasis on the medical and industrial applica¬ 
tions of mycology has been extended and intensified, 
and a sound working knowledge of the morphology of 
the fungi, their classification, cytology, genetics, life 
cycles, and development has been made available, so 
that the bacteriologist may more effectively under¬ 
stand such comparable aspects of his own field as the 
structure and development of bacteria and especially 
their variation and cycles of development. 

The present volume has been notably extended, 
comprising 409 pages in contrast with the 296 of the 
first edition. Not only has the material been care¬ 
fully reorganized, thoroughly revised, and extensively 
reivritten, but much that is recent, significant, and 
valuable has also been added. The second chapter, 
on Variations in the Lower Fungi, is a new one, and 
the only one prepared in full by Henrici himself; Chap¬ 
ter 14, on Antibiotic Substances, by Tsuchiya is new; 
and the revision and expansion by Emmons of the 
material dealing with Fungus Diseases of Man and 
Animals and with Infections Caused by Molds have 
contributed a large proportion of new subject matter 
to Chapters 6 and 7. The total number of chapters, 
therefore, is now’ 14 in contrast with the 11 of the 
first edition. In rewriting the book the three collab¬ 
orators have cooperated effectively, each dealing writh 
that area in w^hich he was especially expert. In gen¬ 
eral, Skinner has carried out the revision of the chap¬ 
ters (I, in, rV, V, IX, and XII) concerned wdth gen¬ 
eral mycological matters; Emmons has covered the 
medical mycology (chaps. VI, VTI, X, XIII); and 
Tsuchiya has handled nutrition, fermentation, anti¬ 
biotic action, degradation, and other biologic activi¬ 
ties (Chaps. Vm, XI, and XIV). 

The total number of figures has been increased to 
136, and while most of the 100 figures of the early 
edition have been retained, some that are more effec¬ 
tive have been substituted and many new ones have 
been added. A number of valuable new tables has 
been added, especially in the chapters on the biological 
activities of molds. The lists of references to perti¬ 
nent literature, usefully expanded and brought up to 
date, appear at the end of each chapter, except in the 
case of Chapter 7, in W’hich instance the references 
dealing with the several infections caused by molds oc¬ 
cur at the end of each section, being proportionately 
extensive after the fill! discussion of diseases such as 
coccidioidomycosis, the dermatophytoses, the blasto¬ 
mycoses and others, and less extensive after the briefer 
sections on diseases such as aspergillosis' and myce¬ 
toma. 

The chapter on' variations in the lower fun^ is a 
helpful addition that will contribute toward eniighten- 
ing the bacteriologist on the vagaries of fungous be¬ 
havior. The chapter on methods has been amplified 
:ta 30'pages^ twiw the length of the original,'with num- 
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erous and recent literature references, Tte new ma¬ 
terial in tHs chapter includes additional information 
on special media and on the techniques for culturingj 
isolating, and ezanaining the pathogenic fungi. 

The discussion of the phycomycetous molds (chap. 
4) has been condensed in revision, chiefly by the wise 
omission of the key to the species of Mucor, which 
occupied 4J pages in the first edition; and some addi¬ 
tional material has been included. The chapter on 
the molds of the Fungi Imperfecti and Ascomycetes 
(chap. 5) considers the Penicillia and AspergilH in some 
detail, as befits the extensions since 1930 of our knowl¬ 
edge of these two important genera and, wisely omit¬ 
ting the key to the groups of species of Aspergillus, 
gives the readers a sound understanding of the re¬ 
quirements and taxonomic basis for identiScation and 
then refers him to the recent, complete, and authorita¬ 
tive Manual of the Aspergilli by Thom and Raper. 
This chapter also gives brief discussion of the chief 
characteristics of the more common molds winch have 
especial interest and are likely to be encountered by 
the bacteriologist. 

In conformity wdth the emphasis on the medical 
aspects of mycology, the four chapters concerned with 
the general aspects of the fungous diseases of man 
and animals, the infections caused by molds, the path¬ 
ogenic yeast-like fungi, and the actinomycoses have 
been rewritten and expanded so that they add notably 
to the strength of the book. In this treatment of 
medical mycology considerable new material has been 
added, obsolete passages have been omitted, the no¬ 
menclature has been simplified and brought up to date, 
and the discussions of toxius and of the biochemical 
acti\dties of the pathogens have been eflectiveiy ex¬ 
panded. 

The chapters dealing with the biological activities 
of molds and yeasts and the industrial applications of 
these activities have been considerably expanded also. 
Fairly detailed accounts of the biochemical reactions 
involved are included, especially in the sections dealing 
with citric, gluconic, and other acid fermentations by 
molds and the alcoholic fermentation by yeasts. In 
addition, several new tables list the adds, pigments, 
and other metabolic products with theii formulae, 
noting the organisms produdng the products and, in 
some instances, including in the table the essential 
refermces to the sources of information. 

The treatment of the structure and classification of 
the yeasts and yeast-like fungi, although covering in 
one chapter the material formerly given in two, has 
success,fully achieved this condensation by a rewriting 
which effectively encompasses the notable advances in 
tMs field since the first edition was published. Simi¬ 
larly, the chapter on ^ the actinomycetes presents an 
able treatment of the long established and the recently 
Qsntiibuted material in thfe area. 

The chapter on antibiotics, however, is somewhat 
disappointing, and is 'C€rtamIy,nqt^comparal>le to the 


rest of the book in effectiveness and adequacy of treat¬ 
ment. Also, although the illustrations as a whole are 
excellent, a few, such as Fig. 31 of Pytkhmt and Fig. 
70 of Momsms, are rather below the standards of the 

others. 

The present book, even more than the first edition, 
fulfils Henrid’s original purpose of nlimg the gap be¬ 
tween the relatively ineffectual treatments of mycol¬ 
ogy in some bacteriological textbooks and the extensive 
technical mycoiogical treatises with their detailed dis¬ 
cussions of the fungi from the botanical, dassificationalj 
or plant pathological points of view. The three col¬ 
laborating authors are to be congratulated on produc¬ 
ing a book which not only attains the worthy objec¬ 
tives and maintains the high standards of Henrid, but 
also achieves a utility that will render it of great value 
to microbiologists, mycologists, and others in fields far 
removed from the bacteriologists to whose service it 
originally was dedicated. 

Wiuujyr H. Weston 



Whd Flowers in the Rockies. 

By George A. Hardy and Winifred V. Hardy; Him- 
irated hy Frank L. Beebe, H. R. Larson PMishmg 
Company, Eamiltm, Saskatoon, and Wancomer. 

$7.50. 125pp.;m. 1949. 

In an artistic sense, this slender volume is in a class 
by itself. Its excuse for being is primarily to provide 
a medium of expression for the illustrator, Frank L, 
Beebe, and its proper place is a choice spot in the 
fiiower-loveris library. The 50 colored plates, each 
being made up of four spedes, are superbly repro¬ 
duced on excellent paper, and their composition and 
accuracy of detail are ample eddence that Beebe is 
a competent naturalist as well as a first-rate artist. 
This is not a field botany book, however, despite its 
title. The accompan 3 ring descriptions are apprecia¬ 
tive in tone rather than taxonomical; and the spedes 
depicted, while representative, include but a small 
number of the floral members of the Canadian Rock¬ 
ies. A grouping of the spedes by color, and second¬ 
arily by family, will enable one readily to track down 
any one of the 200 spedes induded, and wiE thus 
satisfy those whose interest is confined to 'the more 
conspicuous flowers; but the availability of more in- 
dusive field books and the rather prohibitive price of 
the volume will weigh against its general acceptance. 
On the other hand, the book is an excellent example 
of what 'Can be done for a popular subject through 
dose cooperation of ilustrator and authors. ■' 

C. P. Swanson 



Shrubs m ■ Michigan. BiMdin 20, Smmi 

'EiMm, 

By Cecil^ , CrmUmk InstiMM of Smmm, 
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Bloomfield EillSy Michigan. $4.50. viii ~r 339 pp. 
-f- 3 plates; text ill. 1949. 

It is rare that a book on taxonomy passes tinougli a 
second edition in six years, A second printing nsu- 
a!l 3 ^ suffices. The author, however, has felt, and with 
good reason, that since the nomenclature of the first 
edition conformed with that of Gray’s Mmtual of 1908, 
a second edition w^as warranted in the light of changes 
which have been made since that time. The inclusion 
of many new shrubs, previously excluded or unknowm 
in Michigan, also serves to give a more comprehensive 
treatment of the shrub flora of the state. To those 
readers who are not familiar -with the first edition, 
this is a volume by an amateur botanist wffio -writes 
for the amateur. The clarity of its descriptions and 
illustrations, ho-wever, would bring credit to a profes¬ 
sional scientist, and the author and the Cranbrook 
Institute of Science are to be commended for an ex¬ 
ceptionally w'ell done and readable book. 

C, P. Swanson 



The Shorter British Flora. 

By C, T. Prime and R. /. Deacoch; illuslratei hy 
.4. Swafier and A. L Charlton. Methuen and Com¬ 
pany^ London. 12s. 6d. xl 4- 376 pp.; ill. 1948. 
This is a small manual for the identification of about 
720 species of the commoner British plants. The rarer 
species have been omitted. There is a brief introduc¬ 
tion on how to use the book and a partial illustrated 
glossary. These are followed by a key to the fami¬ 
lies. The order of treatment is in general that of the 
Bentham and Hooker system. For each family there 
is a brief general description, a key to the common 
genera and species, and notes on the scientific and 
economic significance of some of its component species. 
Some of the more complex families, such as the Com- 
positae, have supplementary illustrations to aid in their 
analysis. The book closes with indices to families and 
genera, and to English names. It is bound in cloth 
and is of handy size for carrying in, the field. 

H. M, Rahp 



Drawings of British Plants. Being Illustrations of 
the Species of Plowmng Plants Growing NaturaUj in 
tke British Isles. Parti. Ramnctdaceae. Part II. Ber- 
b&^MaceaBj Nymphamcme^^ Papaveraceae, Fumariaceae. 

^ By SteUa Ross-Crmg; mik a foreword by Sir Edward 
Salisbwy. G. Bell and SonSj Lordm. (I) 6s. (II) 
4s. 6d. (paper). (I) 12 pp. + 44 plates; (11) 11 
pp. 4" 22 plates. 1948. 

The two volumes at hand consist entirely, except for 
'the Foreword and brief introduction (duplicated in 
,':eac!i), of superb drawin,gs of British plants. The 
'Ismkt ate printed in octavo, and the drawings' for each 


species cover a single page. The pages are printed on 
one side only, so that the drawings may easily be 
clipped. 

H. M. Raup 



Taschenatlas der Schweizer Flora. Mit Bertick- 
sicktigung der auslandischen Nachbarschaft. 

By Eduard Thommen. Verlag Birkhduser, Basel. 

S. fr, 12.50. xvi + 294 pp.; ill 1945. 

This is a small handbook, bound in cloth, and suitable 
for easy field reference. With the exception of a brief 
introduction and list of author abbreviations, it con¬ 
sists almost entirely of small but clear line drawings 
of the flowering plants and ferns of Switzerland. The 
drawings include habit sketches and a wealth of detail 
shelving the definitive characters of the species. The 
book closes with a partial list of the species, in which 
there are notes on range and occurrence. An index 
covers the genera, and the species in some of the larger 
genera. American botanists traveling in Switzerland 
should find the book useful for the determination of the 
native flora. 

H. M. RAtTP 



An Australian Wild Flower Book. Second Edition. 
By Charles Barrett. Geoffrey Cimherlege, Oxford 
University PresSf Leighton House^ Melbourne. $3.00. 
205 pp. -f 39 plates. 1947. 

This small pocket volume contains descriptions of some 
of the more conspicuous Australian wild flowers. It 
is entirely non-technical, -with no keys for identification, 
and consists of descriptive essays. Its arrangement is 
primarily geographical, as the following chapter heads 
indicate: Gems of the Bush, On the Heathlands, West¬ 
ern Wild Flowers, Tropical Beauty, Tasmania’s Flora, 
etc. There is much lore concerning the history of the 
plants, their distribution, their appearance in culti¬ 
vation, and the botanical exploration of Australia. The 
book is illustrated -^^dth handsome photographs in Hack 
and white or in color. 

H. M. Raup 



Notes on the Acanthaceae of Java. Verhan- 
delingen der KoninkUjke Nederlandsche Akademm Mn 
Wetenscliuppen, Afd. Eaiuurkmde. Tweede Sectie, Bed 
XLV, Number 2, 

By C. E. B. Bremehamp. Nortk-HoUand Publishing 
Company^ Amsterdam. F. 3.55 (paper). 78 pp. 
1948. 

This publication consists of critical notes on many gen¬ 
era and species in this complex family, with descriptions 
of new entities in both categories. The author presents 
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some revisions in the organization of the family as it 
was expressed in his earlier publications. 

H. M. Raup 



Floee Analytique et Synoptique de la Nouvelle- 
Caledonie Phaneeogames. Flore de la France d’Otifre- 
Mer. 

By A. Guillamiin. Ofice de la Recherche Scieniifiqiie 
Coloniahj Paris. 1200 fr. (paper). 369 pp. 1948. 
Guiilaumin has for many years been a student of the 
flora of New Caledonia, and now presents in this volume 
analytical keys to the phanerogamic plants of that area. 
The key is arranged by families, and follow^s, in general, 
the system of Engler and Prantl. Under each family 
there is a brief description of the characters of the family 
as a whole, a key to its genera, and then keys to the 
species under each genus. The text is in French. An 
index at the end is limited to families and genera. 

H. M. Raijp 



PLANT aiORPHOLOGY 
Peacticax Plant Anatomy. Second Edition. 

By Adriance S. Foster. D. Va?i Nostrand Company, 
Inc., New York, Toronto, London. $3.00. xi -f 228 
pp. 1949. 

The appearance of a second, completely revised and 
enlarged edition of Practical Plant Anatojny less than 
10 years after its original publication readily attests 
the great popularity and wide acceptance of this exceed¬ 
ingly useful and highly informative book. The great 
advances in plant anatomy achieved in the interim have 
been carefully recorded in the largely rewritten and 
expanded chapters. These changes and the addition 
of a new exercise (no. 12) on laticiferous tubes, the 
laboratory directions of which were contributed by 
Katherine Esau, have increased the text by more than 
70 pages. The physical make-up, too, has been greatly 
changed, for the former spiral binding has been replaced 
by a regular book binding. 

Throughout the book the emphasis has been admit¬ 
tedly and correctly placed on the study of the vegeMive 
organs of the higher plants, rather than on that of their 
reproductive organs or other special structures often 
treated in advanced courses in plant anatomy and mor¬ 
phology. Each chapter consists of a critical review of 
the pertinent data, interpretations and theories con¬ 
cerning the particular material covered, instructions 
for laboratory work, and an extensive bibliography 
containing both classical and recent references. As 
the laboratory instructions include ample suggestions 
for the use of a great variety of plants, frequently of 
economically important species, Practical Plant Ana¬ 
tomy can easily be used In conjunction with courses of 
widely differing content and scope. 


Traditionally, progress in plant anatomy has resulted 
from m\"estigations carried out along two main lines 
of research, the structural and the developmental (or 
physiological). However, in recent years, paleobotan- 
ical research has jnelded such phenomenal results 
that some of these could profitably be included in the 
study of living plants. The application of epidermal 
and especially stomatal characters in the identification 
and classification of fossil (mainly Mesozoic) and living 
gjnnnosperms provides one of the most striiimg 
examples. In the light of these researches, the exer¬ 
cise on stomata would undoubtedly read \'ery 
differently. 

With all the changes made, the original purpose of 
the book has not been altered. Rather, the second 
edition is even more eloquent testimony to the author’s 
broad research and teaching experiences. 

Theodor Just 



ECONOMIC BOTANY 

'Manual ot CuL’m^4TED Plants Most Commonly 
Grown in the Continental United States and Canada, 

Second Edition. 

By L. H. Bailey and the SiaN of the Bailey Eoriorhm 

at Cornell Unmrsity. The Macm Ulan Compajiy, New 

York. $17.50. 1116 pp.; ill 1949. 

Ever since its appearance in 1923, Bailey’s Mamml of 
CuUhated Plants has been an indispensable reference 
work for all botanists, florists, and horticulturists. The 
appearance of a revised and up-to-date edition is most 
welcome. The new Manual is greatly enlarged, with 
1523 genera and 5347 spedes novr included (with inci- 
dentai mention of many others), as against 1246 genera 
and 3665 spedes in the earlier work. Every effort has 
been made to bring the nomenclature into accord with 
the International Rules. 

As in the first edition, the species treated are those 
commonly domesticated in the continental United 
States and Canada - the garden flowers, ornamental 
shrubs, greenhouse plants, vegetables, fruits, grains, 
grasses, and all othter plants grown for food, ornament, 
usefulness or general interest, either in the open or 
under glass. Purely horticultural varieties are omitted. 

In addition to the spedes commonly cultivated, three 
other categories are included: spedes which are no 
longer of commerdal importance, but have been pop¬ 
ular over the years and are still to be found In old 
gardens; new introductions not as yet fully «tab- 
lished; and plants of importance in other parts of the 
world, which are as yet little known or appreciated 
in the United States. 

The introductory material comprfees a section 
devoted to the mmting of the specific names, a glos¬ 
sary of botanical terms,,a list of the authorities for the 
binomials, and a key to The familes of the Pterido- 
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pliytes and Spermatopliyles. Tlie appearance and 
format of the book are excellentj and although much of 
the t^’pe is smallj it is very eas}’ to read. There are 
195 test figures and a complete index. It is to be re¬ 
gretted that owing to present-day printing costs this 
valuable and essential vrork should have to be so high 
in price. 

Albert F, Hill 



Fruit ScinxCE. Orchard and Small Fruit MunagemmU 
;■ By Nmman Franklin Childers; edited by R. IF* 

I Gregory. J. B. Lippincott Company^ Chicago, Phila- 
. delphia and Neio York. $5.00. x d- 630 pp.; ill. 

1949. 

Although primarily intended for use as a college text- 
hookj Fruit Science should also be valuable for fruit 
growers who wish to keep in touch with modern trends 
in pomologica! research. The method of treatment is 
quite different from that of most other works dealing 
with fraits. At least one-third of the book is devoted 
to the apple, which the author considers the most widely 
grown and the most important fruit. It is in connec¬ 
tion with the apple that the underljdng basic principles 
and practices of fruit growing are discussed. All phases 
of apple culture are included: regions, production, varie¬ 
ties, pruning, soil management, Sower bud formation, 
pollination and fruit set, thinning, graf ting and budding, 
frost injury, harvesting and packing, storing and 
marketing. Several chapters are devoted to other im¬ 
portant deciduous fruits, such as the pear, quince, 
peach, nectarine, apricot, almond, plum, and cherr>% 
in so far as their management differs from that of' the 
apple. Small fruits - the grape, strawberry, raspberry, 
blackberiyy blueberry, currant, gooseberry, and cran¬ 
berry - are also considered. 

Information is given with regard to the fruit industry, 
the establishment of orchards, control of insects and 
diseases, judging of contests and exhibitions, and the 
freezing preservation of fraits. Supplementary mate¬ 
ria! includes a selected list of collateral readings for 
each chapter, an enumeration of the -Agricultural Ex¬ 
periment Stations and Colleges in the United States 
and Canada, scientific journals in the field of pomology, 
a list of scientific names, and an index. 

Albert F. Hill 



Ckmisty,^^ Technology. Eco- 

Cf#s, Y&hme L 

'' , By 3wry IF.' Loesmke. Inierscimce Puhiiskers,, 

' ' Mm York md L&ndm. $4.50. xii + IS9pp. + 
'2 plate; text ill. 1949. 

Bmmmy 'latersaence Pubfishers present the first 
vofeme of a projected^ sen® of monographs dealing with 
ctejastry, phy^oh^y and tedmotogy of foodmd 


food products. Quite aside from the manifest value 
of this book to those interested in food tedinolog}^, 
there is compiled here a worthy store of information 
relating to the structure and development, chemical 
changes during ripening, respiration, volatile consti¬ 
tuents, enzymes, and insect and fungus diseases of the 
banana. There are also chapters which deal with com¬ 
mercial storage and ripening methods, transportation, 
banana products, and nutritive values in health and 
disease. The account begins with the history and ori¬ 
gin of the fruit and concludes with statistics describing 
w'orld production and trade. 

V. G. Dethier 



"'Vegetable Science. 

By H, D. Brown mid Chester S. Hutchison; edited by 
R, W. Gregory. /. B. Lippincott Company, Chicago, 
Philadelphia and Mew York, $5.00. z + 452 pp.; 
ill 1949. 

This book is designed both as a manual for farmers who 
grow’ vegetables commercially and as a textbook for 
students. Fundamental modem practices are pre¬ 
sented in a clear and concise manner. Economical 
procedures are stressed; and a brief history and de¬ 
scription of each vegetable are given for those interested 
in the more academic phases of the subject. A series 
of review questions and a short bibliography are ap¬ 
pended to each chapter. An index is also available. 

Albert F. Hill 



Orchids Are Easy to Grow. 

By Harry B. Logan and Lloyd C. Cooper; drawings by 
Lynette Arouni. Ziff-Davis Publishing Company, 
Chicago and New York. $6.00. viii -h 312 pp. 4* 
20 plates; text ill. 1949. 

The rapidly expanding role of orchids in horticulture 
created a demand for a manual of orchid culture which 
would be comprehensive in scope, simple in treatment, 
and factually sound, yet WTitten in non-technical lan¬ 
guage. The authors have made a sincere and quite 
successful effort to meet this demand, keeping in mind 
the ever-increasing number of amateurs who have 
succumbed to the allurements, of this royal family of 
plants. 

The division of the book .into two parts follows rather 
standardized practice in vrorks of this kind., Part One, 
The Mechanics of Orchid Culture, treats orchids in 
general, discussing their geographical distribution, mor¬ 
phology,' .culture, and allied subjects of greenhouse, 
composts, pests, and diseases. A chapter is devoted 
to the outdoor culture of orchids and another to the 
growing of orchids in the home, with or without a grow¬ 
ing case. Miniature greenhouses and Wardian' 'cases 
are dealt 'with in another chapter. 
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Part TwOy Orchids You hlay Grow, is in part a series 
of chapters, each devoted to a single genus of horticul- 
turally popular orchids. The treatment is novel, being 
in narrative form rather than in the more customary 
descriptive paragraphs. In addition, the chapter on 
orchids for special purposes and another on cultural 
and descriptive tables are highly specific in content and 
should be of especial value to the connoisseur as well 
as the novice. An extensive bibliography and an ade¬ 
quate index conclude the work. Though the book con¬ 
tains a number of errors and some of the statements 
can be considered at least controversial, it is an ex¬ 
cellent contribution to its field and will be a standard 
for comparison for any future work. 

Gordon W, Dillon 


DELPHiNimis. Tkeir History m:d Cnifkaiion. Second 
Edition, The Home Garden Books, 

By George A, R. Phillips. Eyre & Spoitis'X’miej 
London. 6s. x -p 114 pp. -f- 5 plates; text ill. 1949. 
A secondhandbookof the Home Garden series—devoted 
to Delphiniums—has also been complete!}' re\ised and 
rewritten. The most recent cultural practices are de¬ 
scribed, and the newer as well as standard varieties are 
discussed. The scope of this little manual is such that 
it should be valuable to amateurs and commercial 
growers alike. 

Albert- F. Hill 
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Gladioli. Secofid Edilion. The Home Garden Books, 
By A. J, Macself. Eyre k SpoUiswoodCf London, 
6s. X + 87 pp. -f 1 plate; text ill. 1948. 

For several years there has been available a series of 
small handbooks, The Home Garden Books, which 
afford the amateur gardener practical and helpful infor¬ 
mation on a variety of subjects. One of these hand¬ 
books, devoted to Gladioli, has been completely revised 
to include new and up-to-date information, especially 
with regard to those modem developments which have 
enhanced the importance and serviceability of the plant. 
All phases of gladiolus cultivation are covered: early- 
flowering t^’pes; general culture; growing for exhibition, 
and for stock; cutting, packing, and staging; the adapt¬ 
ability of cut flowers; commercial culture, and growing 
from seed; pot culture; and diseases. A brief history 
of the plant and a list of species are included. The 
book has a short index and is illustrated with a colored 
frontispiece and 22 line dra-wings. 

Albert F. Hill 


Gladioli and Dahlias. 

By Chas, W. J. Unwin. IF. E. &, L. Collingridge^ 

6s. 125 pp.; ill 1949. 

This little book is a highly authoritative guide to the 
successful cultivation of these two popular garden ^ 
flowers. The author, a well known breeder, growey^ 
and exhibitor, presents his facts in a ver> readable 
manner. The chapters devoted to Gladioli cover such 
topics as types and races,, utilimtion for such varied 
purposes as shows, gardens, or the home, cultural notes 
for exhibitors, routine culture, raising young stock, and 
hybridisation. Dahlias are discussed under such head¬ 
ings as variefc, cultural requirements, propagation, 
and hybridization. The author concludes with a pl^ 
for a return to the com:post heap, rather than too great 
a dependence oii^ chemical, fertilizers. 'V, ; , 

Albert F. .Sill 


Shrubs for the Milder Counties. 

By IF. Armld-Forskr; foreword by The Rigid Eim. 
Lord Aherconway; wiik a chapter on Magnolias &j G. 
E. Johnstone. Cotmiry Life^ London; Charles Scribe 
nefs SonSj New York. $10.00. xvi -f 367 pp. 4- 41 
plates. 1948. 

Although written for an English public, American gar¬ 
deners and landscape architects will find much of value 
in this work. Unlike most books dealing with shnibs, 
the present volume emphasizes the more delicate species 
which can be grown in milder areas, as well as 
the hardier ones which have a wider range of usefulness. 

One chapter is devoted to plants which are capable 
of withstanding sea winds; another is concerned with 
roadside, estate, and town plantings. The largest 
portion of the ‘work —111 pages—gives a general plant¬ 
ing list with a wealth of information concerning each 
species and derived from the author’s li.fetinie experience 
as a practical gardener. 

Special sections are devoted to acacias, camellias, 
Ceanothus, Eucalypim, Metrosideros^ NotkofaguSf Ok- 
ariasy PrumiSj Pyrns^ and SorhuSy Rhododendrons and 
Magnolias, the latter chapter by G., H. Johnstone, t,he 
eminent authority on this group. A final chapter Is 
concerned with shrubs which are still in the experi¬ 
mental stage. There is an adequate .index. 

Albert F. Hiix 


The STORy or Tobacco in America. 

By Joseph C, Robert Al/rrf A, Kmpf, Um York, 

$5.00. xiv -|- 320 pp. 4- 4 plates; text ifl. IW. 
Some of our economic plants have played such an im¬ 
portant role in the development of the United States . 
that an account of their hsstoiy is in'great part a history 
of the nation Itself. Such is the case with tobacco. 
The present volume traces the'Mstory of tobacco in 
America, It not only outlines' the various phaso of 
thO' industry, iteelf, 'but also .diK»«» the v!.tal effect 
of, tofoacco' OBi the political,. »cial,. .and econonuc life 
of the ccaintry. from, earEest colonial times to the 
pr^mt. ' 
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The aiitlioiy a professor of history at Duke Univer- 
sitj', in veiy" readable words brings home his thesis that 
without some knowledge of tobacco it is impossibie to 
understand fully such important events as the found¬ 
ing of the Chesapeake colonies, the development of 
slavery, the advent of the Revolution, or the earlj^ 
diplomacy of the Rmtion. States’ rights, the growth 
of Big Business, and the agrarian aspects of the New 
Deal have all been affected by tobacco. Even more 
pronounced has been the impact of tobacco on the 
economic and social life of the country, with the chang¬ 
ing customs in its use from snuffing and dipping through 
the rise of the cigar to the present amazing dominance 
of the cigarette. 

The book is arranged in chronological order by 
periods. A list of the chapter headings and subtitles 
will give some idea of the scope of the work and the 
interesting subject matter; 

1492-1776. The Discover>^ of *That Bewitching 
Vegetable”; First American Aristocrats—Sweet Scented 
and Oronoko; Great Planters of the Tidewater; Tobacco 
Merchants of Britain; The Parson’s Cause. 

1776-1860. New Fields and Changing Markets—^The 
Revolution and Diplomacy; Frontier Planters and the 
^*Spanish Intrigue”; A Revision of Plantation Arts; 
Rollers, Boatmen and Auctioneers. The Chewing To¬ 
bacco Era—Industrialists in an Agrarian Society; Slaves 
in the Tobacco Factories; Trade Names and Wooden 
Indians; Reformers and the Tobacco Habit. 

1860-1911. The New South and Big Business—In 
the Land of Johnny Reb; The Birth of the Golden Calf; 
The Old Guard and Newcomers; W. Duke & Sons; 
The Tobacco Empire. The Age of Conflict—Night 
Riders verstis Hill Billies; ‘‘Blood Money” and Trust 
Busters; The Little White Slaver; Drummers and Cigar 
Makers; Bright Leaf and Burley. 

i911“194i. Farmer and Leaf Market—^The Ware¬ 
house Scene; Troubled Waters of the Tobacco Pools; 
Tobacco and the New Deal; The Modem Tobacco 
Farmer; ^Marshall’s ‘^Really Good Five-cent Cigar.’- 
The Cigarette Age—Camels Lead the Way; The All- 
American Cigarette; And StHl the Coffin Nail; The 
Battle of Lexington, Kentucky. 

1941-1948. The End of Tobacco Road. 

A very complete bibliography and index add much 
to the value of the book. 

Albert F. Hell 



^ Drugs erom Plakts. Sigtm InSroduciim to Science, 

By Tremor lUtyd WiUmms. Sigma Books, London, 
6s. 119 pp. + 12 plates. 1947. 

The author of Drugs from Plants believes it important 
. lor cultural and eoffiomic reasons to furnish the general 
X'eadtt'With popular interpretations of science. ■ In this 
'l»ok he has most,effectively presented accurate infor¬ 


mation regarding vegetable drugs in an entertaming 
and readable manner. Ms subject is w^ell chosen, for 
few other fields combine such a fascinating and well 
documented period of empiricism and superstition with 
a later one of precise scientific method. 

In an introductory chapter, Williams gives a brief 
histor}^ of the medicinal uses of plants from the time of 
Eg>"pt, Babylon, and Assyria to the days of the Herbal¬ 
ists and the Doctrine of Signatures. He then shows 
how scientific methods of investigation have made it 
possible to distinguish the few really useful plants from 
the great mass of remedies which had their origin in 
ignorance and superstition, and to assess their true 
value. A chapter on the classification of drags, chiefly 
from the chemical standpoint, is followed by a detailed 
account of seven important drugs—quinine, hashish, 
digitalis, penicillin, ergot, opium, and cocaine. 
Another chapter is devoted to miscellaneous drags, in¬ 
cluding belladonna, hyoscyamus, mandrake, aconite, 
poison hemlock, heilabore, strychnine, caffein, col- 
cMcum, ephedrine, calabar beans, chaulmoogra, and 
curare. 

The final chapter, What of the Future?, is of special 
interest. The author feels that continued research will 
lead to the discovery of additional valuable drugs and 
also make possible important contributions in the fields 
of botany and chemistry. As possible topics for in¬ 
vestigation the author suggests the following: anti¬ 
bacterial properties; the development of s>mthetic drugs 
following the study of natural ones; the mode of action 
of drugs and the relationship between their chemical 
structure and physiological action; the manner in which 
the drags are formed and their function in the plant’s 
economy; the search for new and high-yielding strains, 
or their development through breeding; and the use of 
chemical methods in botanical classification. 

Albert F. Hill 



Green Glory. The Forests of the World. 

By Richard Si. Barhe Bakery with a foreword hy 

Howard Spring. A. A. Wyn, Inc., New York. ^$3.50. 

253 pp.; ill. 1949. 

This is a story of the forests of the world: their extent, 
character, and variety; their role in maintaining a bal¬ 
ance in nature; their destruction, management, and 
replacement; and, lastly, but most important, the con¬ 
sequences of their mismanagement upon the character 
of the countryside and upon the economy of nations. 
It is a story which has been told many times before, but 
rarely so effectively. With the possible exception of 
South America, no region of the world has been spared 
the destruction of its forests which has so closely fol¬ 
lowed the colonization of the land. Only a handful of 
nations—Sweden, Finland, Russia, Yugoslavia—^have 
recovered to a point where the harvesting of trees Is 
matched by the rate of replacement. The consequences 
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have been inevitable and disastrous. The floods of the 
Tellow River which have depleted great areas of topsoil 
m, China; the stead}^ advance of the Sahara and Arabian 
iesertSj vrMch but short centuries ago vrere clothed in 
forests; and in our ovm country, the Dust Bowl of the 
1930’s, the passing of the tremendous w^hite pine forests 
of the north, and the perilous lowering of the water 
table in the southwest are but a few examples of the 
effects of widespread deforestation. Roosevelt's Civil¬ 
ian Conservation Corps, formed in the depression days 
to combat unemployment, can trace its origin to forest 
depletion and the need for conservation practices. 

This book, however, is more than an eloquent plea 
for conservation. It is an urgent warning that the 
well-being of a nation—and the United States is no 
exception—is intimately bound up in innumerable ways 
with its forest resources, and that the destruction of 
these without their replacement is national suicide. 
To be sure, steps have been taken to replace our dwin¬ 
dling reserves, but the United States, like other nations, 
long ago passed the point of being self-sufficient in this 
respect. The author knows his subject, and he speaks 
with a conviction arising out of this sure knowledge. 
One can only wish that his proposal to the United 
N'ations to turn the armies of the world into foresters 
would be considered seriously by all nations. If a criti¬ 
cism of the book is to be made, it is that the style of 
writing is too flowery and sentimental. Chapters 1, 
3, and 5 could just as well have been omitted as super¬ 
fluous. These shortcomings, however, are compen¬ 
sated by a number of superb photographs, and by the 
thoroughly interesting subject matter. 

C. P. Swanson 



Forest Pathology. Second Edition. The American 
Forestry Series. 

By John Shaw Boyce. McGraw-Hill Book Company^ 
Nm York, Toronto and London. $6.00. xii -f 550 
pp.;m. 1948. 

The present revision brings up to date the topics dis¬ 
cussed in the 1938 edition of Boyce's 'well-known book. 
The specialized field of forest pathology encompasses 
portions of many and varied botanical sciences. Con¬ 
sequently, the compilation of the data on this subject 
in a book that serves equally well as a textbook for the 
student, a source of enlightenment for the conserva¬ 
tionist, and a reference for the specialist, is to be highly 
commended. 

The subject is most logically treated, from an excel¬ 
lent introduction through diseases of the seedling and 
the mature tree, the deterioration of dead timber and 
of forest products, and, finally the principles of disease 
control. Supplementing the chronological treatment, 
the diseases are,grouped according to the part of the 
host attacked. ' This approach, instead of that by the 
causal agent, enhances the U'se&lness of the b'ook for 


those who are not trained pathologists. The new forest 
diseases are discussed, and there is a change in emphasis 
on some of the old. However, the author does not con¬ 
tend that the amount of space allotted to a specific 
disease is consistent with its economic importance. 
The book is based on published literature, so that the 
amount of such information available has greatly in¬ 
fluenced the length of discussion of a given disease. 
Comprehensive lists of references are given at the end 
of each chapter. Like its predecessor, this book will 
be invaluable to all those interested in forest pathology. 

Berch W. Henry 



Australian Journlal of Agricultural Rese.\sch. 
Volume I, Number L January 1950. 

Editorial Advisory Committee: Chairman and Editor, 
Dr. N. S. Noble. Members: Dr. H. E. AlUston, Dt. 
L. B. Bull, Dr. E. C. Forster, Associaie Professor G. 
IF. Leeper, Professor S. M. Wadham. Commonwealth 
Scientific and Industrial Research Organization in col¬ 
laboration with the Australian InsiiMe of Agricultural 
Science and the Australian Veterinary Association. 
30s. per year (four issues per year). No. 1: Pp. 1-102; 
ill.; 1 plate. 

This journal has been founded to publish original 
investigations into the physical, chemical, and biologi¬ 
cal aspects of soils, plants, and animals. It w'Al pre¬ 
sumably supersede, at least to a considerable degree, 
the series of Bulletins published by the C. S. I. R. on 
these subjects. Each article is preceded by a summary. 
Contents of the first issue: Some effects of leaf-roll virus 
on the development and growth of the potato plant 
(J. G. Bald & E. IM. Hutton); Transmission of potato 
'vdrus diseases. VI. The distribution of the aphid 
vectors on sampled leaves and shoots (J. G. Bald, D. O. 
Norris, & G. A. Helson); Seedling blight. I. Seed 
colour and soil in relation to pre-emergence bhght of 
William Massey peas (H. R. Angell); Pot culture studies 
of the copper and molybdenum content of certain pas¬ 
ture plants (C. W. E. Moore); Differential effects of 
certain phenoxyacetic acid compounds and phenyl- 
carbamates on plant species. I. Effect.of applica¬ 
tions to the soil prior to emergence (R. M. Moore); 
On the abundance of the Australian plague locust, 
Chortokeks terminifera Walker, in relation to the pres¬ 
ence of trees (L. R. Clark); Mating and lambing in an 
experimental flock of merino sheep (J. F. Kennedy & 
R. A. Bettenay); A technique for the collection of nema¬ 
todes from ' the , alimentary tract of sheep (F. J. 
Hamilton); Methods for egg counts and laral cultures 
for Strongyies infesting the. gastro.-iatestiEa! tract of 
cattle (F.'H. S. Roberts & P. J. O'Sullivan). 



The Non-Farasitic , Disorders qf Affle' Fruits 
IN Australia- CommmmmMk of Amtraimj C&mmU 
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for Scientific and Ina-Hstrial Research^ Bidletin No. 
'238. 

By If. M. Came. Coimdlfor Scmiiif.c and Indust¬ 
rial Research j Melbourne, A list alia. Free upon re¬ 
quest (paper). 83 pp.: 24 plates. 1948. 



GENERAL AXD SYSTEMATIC ZOOLOGY 

.An Introduction to Animal Biology. Third 

Edition. 

By Jo fin B. Parker and John J. Cla-rkc. The C. T-'L 
Mosby Company, St. Louis. $4.00. 554 pp.; ill. 
1949. 

Little cliange marks this new edition of a college zoology 
textbook prepared especially for Roman Catholic 
schools. The chapter on Vitamins and Hormones has 
been brought up to date, and the major Rh blood types 
are given space. Non-Catliolic biologists who vdsh to 
see how the subject of Organic Evolution is treated by 
Roman Catholics will find this book a good one 
to consult. 



Laboratory Directions for General Zoology. 
By Department of Zoology Staf, The Slate University 
of Itriva. The Willia?ns Surgical Supply Company, 
Iowa City; Burgess PuUishing Company, Minneapolis. 
85 cents (paper), vi 4- 36 pp. 1945. 

A L.aboratory Manual for Elementary Zoology. 
Revised Editkm. 

By Wk Byers Unger and C. E. Moritz. Ginn attd 
Company, Boston, New York, Chicago, AUmtia, Dallas, 
ColumhiSf San Francisco, Toronto a^id Lottdon. 
$2.25. vi + m pp. 1949. 

This reviewer will give up the attempt to render any 
further opinions on laboratory manuals for general 
zoology. Each one that turns up is different, not only 
in philosophy of approach to the subject matter, but 
also in choice of laboratory animals, amount of dis¬ 
section and observations required, use of terminology, 
etc. Any particular instructor needs only to decide 
how he wants to teach the course and then scout around 
until he finds a suitable manual. Even with such a 
wealth of material av^hle, he probably won't be satis¬ 
fied until he devises one of Ms own. Since the manual 
is so intimately tied up with the manner of presenting 
the subject, any critidan of the former is merely a' 
reiection on the latter. 

Under pres«it discussion we have the Dartmouth 
College and State Dniversity' of. Iowa manuals. The 
fomer is cloth bound, the latter paper bound with 
^iral rings. , Both are printed oMy on, one side of the 
•|Wge, the former on the left, the^ latter on /the right 
aUd in two columns,;.' 'The Dartinouth ' Tinia.nn;t.l. starts 
irith a page on terminology and pro<»eds with the work¬ 


ings of the microscope. The Iowa Manual starts with 
general information on drawings, supplies, locker assign¬ 
ments, and vrhat would appear to indicate an antici¬ 
pated limited distribution, a paragraph to the effect 
that lost articles are placed in Room 105. The first 
study commences Vvith the frog and describes external 
features, through muscles and sensory organs. This 
is followed by the study of the microscope, then cells 
and tissues, mitosis, and maturation through cleavage. 
Then follow studies on successive phyla from the Pro¬ 
tozoa to Drosophila. The latter initiates the study on 
heredity. The final study, a survey of selected phyla, 
is apparently adaptable for Iowa courses, since it is 
condensed to three paragraphs devoted to demonstra¬ 
tion material. 

The Dartmouth Alanual continues its microscope 
study with a survey of the phyla, culminating ivith the 
frog. A study of vertebrate systems follows, using the 
frog as type, although dog skeletons, pig kidneys, and 
sheep brains are included. Embryologj", histology, 
cytology (i.e., gametogenesis in frog and mouse), and 
meiosis and mitosis in Ascaris complete the work. 
Broadly speaking, the Dartmouth manual does not go 
into quite so much detail per animal as the other, but 
includes more different kinds. The sequence is 
obviously the most differentiating characteristic and 
as was said, the value of each method cannot be honestly 
evaluated without knowing the nature of the complete 
course itself. 

Henri C. Seibert 



The Sponges of Woods Hole and ^Idjacent 
Waters. Bulletin of the Museum of Comparaihe 
Zoology at Harvard College, fokme 103, Number 1. 
By M. W. de Laiibenfels. Museum of Comparaim 
Zoology, Cambridge. $1.00 (paper), 56 pp. -f 3 
plates, 1949. 

'*First, an account, with detailed descriptions, illustra¬ 
tions, and a key to the known and highly probable 
species of Woods Hole itself. Second, an annotated 
review of the literature references to sponge occurrences 
from Newfoundland at the north to the Carolinas at the 
south.” 



The Pycnogonxda op the Western North Atlantic 
■AN n THE Caribbean. Proceedings of ike United Skies 
National Mmeum, Volume 97, Number 3216. 

By Jod IF. Heigpetk Smithsonian InstiMhn, 

' Waskmgkn, D. C. Paper. Pp. 157-342 + 1 map; 
text ill. 1948. 

' Report on the Pycnogonida ' Collected by the 
, Albatross in Japanese Waters in 1900 and 1906. 
Proceedings of the United States Nedimd Mtismm, VoF 
■ fme 92, Numh» 3231. 
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By Joel 1 ^’* Hedgpeih. Smuhsomnn I restitution, 
VJasklngion, D. C* Paper. Pp. 233-321 1 map; 

text ill 1949. 



Tkz Fisst Book; or Bugs, 

By Margaret Williamson. Franklin Wafts, Nm 
York. $1.50. 45 pp.; ill. 1949. 

This book describes various activities of insects that 
should be readily observed by the children for whom 
it is intended. Included are crickets and their rela¬ 
tives, ants, moths and butterflies, bees and wasps, and 
other insects. In addition, spiders are included, but 
as the author specifically states, her use of the term 
bug is to be taken in the popular rather than in the 
scientific sense. 

.Although the style is quite anthropomorphic, it 
must be remembered that this is a book for children 
who, if interested, can learn the facts of life later. 
The material is well presented and is supplemented by 
many attractive colored illustrations. 

John Cushing 



What Butxerply Is It? 

By Anna Pisiorius. Wilcox & Folleii Company, 

Chicago, New York and Toronto. $1.25. 25 pp.; ill. 

1949. 

The title of this book reveals its purpose very well. It 
consists of a series of colored pictures of 26 common 
butterflies that are very well executed and enable the 
beginner to make rapid and easy identifications. Ac¬ 
companying each picture is a paragraph on some of 
the characteristics of the butterfly figured. These in¬ 
dividual comments on life histories are preceded by a 
general account, a page in length, telling how a butter¬ 
fly grows. 

Although primarily for older children, this book 
should also be of interest to adults who would like to 
make a casual acquaintance with butterflies. 

, John Cushing 



The Nemctic Members of the Genus Lycaeibes 
Hubher (Tycaenibae, LEpnx)PTERA). Bulktin of the 
Mmmm of Comparative Zodhgy at Manord CoUege. 
folmm MI, Nmmher 4. 

By F, Naiokn. Museum of Comparative Zoology ai 
Emmi College, Cambridge. $1.60 (paper), ii -f" 
Pp. 479-541 + 9 plates. 1949. 

A study of the subspedfic foms of L^ m’gyrognomon 
and i. rMdma.\'Tm subspedes are assigned, to the 
former species, two being new, and five are assigned to 
'lie ktter spedes^ one being new. ■ 


COLEOPTERA OR BEETLES EA3T OF THE GrEAT PlAIXS. 

By J. Gordon Edtvards. Puhlishei by the aidkor, 

392 Prairie Avenue, Wilmington, Ohio. $3,50. vlii 

-f 181 pp.; ill 1949. 

Undoubtedly there are stiii great gaps in our knowledge 
of the classification and biclog}" of the insects. This 
is chiefly due to the enomious number of species in 
existence. One great drawback is that for man}" 
groups there is no easy way b\’ which a species can be 
identified. Probably many more persons "would be¬ 
come interested in this subject were it not for such 
stumbling blocks encountered at tlie very beginning 
of the study of insects. This is particular!}- serious 
for the beetles, w-hidi form the largest order of in¬ 
sects, and of w-hich about 24,099 species are known to 
exist in the United States abne. 

It is practically impossible for a beginner to identify 
a beetle which he might encounter in a fauna rela¬ 
tively as well known as that of the eastern United 
States; in man}- cases it is even very difficult for a 
person with considerable experience. There has never 
been a manual covering this area. The closest ap¬ 
proach has been Blatchley’s well knowm Cokoptera of 
Indiana which, besides being restricted to one state, 
has now- a somewhat antiquated approach and has, 
moreover, been out of print for many years. The 
difficulties exist even w-hen one is satisfied to track the 
beetle down only to family or genus. Practically all 
the keys that have been published make use of charac¬ 
ters which are difficult to observe for the uninitiated 
w-orker. Furthermore, in nearly ever>^ key with which 
the reviewer has come in contact there are demon¬ 
strable inconsistencies and errors. 

This book by Edwards is a verj’ welcome step in 
the right direction. It consists of an extensive key to 
the beetle families (sometimes to smaller units), a de¬ 
scription of the chief characteristics of each family, 
brief descriptions of.the principal spedes, including 
their larvae, biological remarks, and finally a list of 
the principal publications dealing in detail with the 
spedes of that family. The author breaks w-ith a few 
traditions, which is fortunate in some instances, less 
fortunate in others. The family key is not just a 
modified copy of previous keys but is a new approach, 
using wherever possible simple characters that can be 
recognized by the beginner. As 'the sole purpose of a 
key is a quick and unambiguous identification of a 
specimen, this is highly commendable and needs nO' 
apology. On the other hand, if the fundamental cli.ax-' 
acters which define the family ate avoided,' there is 
danger of a slip now and then, and this the aathor has' 
not entirely avoided. It would, for iastance, ,be‘ im¬ 
possible to ■ track down the common Mexican 'bean 
beetle in the family key, or, if^ one, would'gii« its 
family' cxsrrectly, to iden'tify 'it from the desqdplioa 
tinder the'family ^^Ckjcdiellidae, as the aothor has, over¬ 
looked the fact that 'EpMmkm is-one,' of' the hairy 
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genera of lady beetles. There are similar flaws in 
other groups. 

The literature references are very valuable. Anyone 
who actuaHy wants to identify a beetle as to species 
will need to have recourse to the original descriptions 
or to more recent revisions of certain groups. It is 
somewhat puzzling w’hy certain publications were in- 
ckdedj but others omitted. Blatchley’s Coleoptera of 
Indiana is mentioned 99 times, whereas such papers 
as, e.g., Bobzhansky’s monograph on the genus Coc- 
cinella^ Leng’s revision of Brachyacanilm, and Dawson’s 
papers on Smca^ without which any attempt to clas¬ 
sify beetles of these genera would be futile, have been 
omitted. The book is iliustrated with many drawings 
which make it much easier and more definite to recog¬ 
nize the characters important for the identification 
than would any number of descriptive wrords. 

This book can be highly recommended to the be¬ 
ginner in the study of beetles, if he realizes that it is 
not infallible. It is to be hoped that the author wdli 
soon be able to bring out a second edition from which 
the shortcomings could be easily eliminated. 

G. H. Dieke 



Coleoptera: Clesid.4E. Conirikiiions toward a 
Knowledge of the Insect Fauna of Lower California. 
No. 12. Proceedings of ike California Academy of 
Sciences. Fowth Series. Yol. XXIY^ pp. 485-519. 
January 26^ 1950. 

By William F. Barr. The California Academy of 
Sciences, San Francisco. 65 cents (paper). 34 pp. 
1950. 

Forty-one species, six of which are new, and two sub¬ 
species are treated in this paper. Ten of the pre¬ 
viously known species and subspecies are recorded 
from lower California for the first time. 



Observations on Batsisodes (Coleoptera: Pse- 
laphidae), with Particelar Reeerence to the 
American Species East op the Rocky Mountains. 
Bulkiin of the Chicago Academy of Sciences, Yolume 8, 
Number 3. 

By Orhndo Park Ckkago Academy of Sciences, 
Clticago. Paper. Pp. 45-132 -f 11 plates. 1947. 
Checklist op the Genus Batrisodes (Coleoptera: 
Pselaphibae)- Bidleim of the Chicago Academy of 
Sdmces, Yolume 8, Numlm 4. 

By Ofhndo Park Chicago Academy of Sdmces, 
Ckkago. Paper. Pp. 137-169. 1948. 

The Relationships ahb Zoogeography or the Ge¬ 
nus Thalerophis O'LIVer, BiMdin of ike Am&kan 
Mmmm <?/ Ndwd Eiskry. Yolume 92: Artkle 4. 

'. By James A. 'OUwr. American Mimnm of Ncdural , 


History, New York. $1.75 (paper). Pp. 157-280 -f 

4 plates; text ill. 1948. 

It is almost traditional for University of Michigan 
herpetologists to compile excellent generic monographs. 
Ruthven’s revision of the garter snakes in 1908 was 
an impressive pioneering work. Blanchard’s review of 
the king snakes in 1921, Ortenburger’s of the racers 
in 1928, and Gloyd’s of the rattlesnakes in 1940 are a 
few additional examples of this outstanding series. 
The present contribution continues, and in some wmys 
extends, the high standards that have come to be ex¬ 
pected by systematic zoologists. 

Thalerophis is a genus of green, semi-arboreal tc 
arboreal, neotropical snakes in w^hich Oliver distin¬ 
guishes six species, one of which has 2 races and 
another, 12 races. The genus is most closely related 
to other neotropical genera (Drymobius and Dry- 
adophis) and not to superficially similar tree-snakes of 
the Old World, as has previously been thought. The 
genus probably originated in lower Central America, 
from ■which locality it has spread, northward and 
southward, into virtually all of the humid, warm, low¬ 
land, forest areas of the western hemisphere. 

The paper is organized into a number of sections 
■which are, essentially, as follows: taxonomy, character 
analysis and dines (in -u’hich is included a good deal of 
general ophidian biology), individual species accounts, 
and general phylogenetic considerations. There is a 
bibliography. 

The disentanglement of a rather complicated nomen*< 
datorial snarl seems to have been capably handled, 
Oliver has joined with a small group of rebels in not 
using parentheses (as required by the International 
Rules of Zoological Nomenclature), presumably be¬ 
cause he has felt that they have not been used properly 
by many zoologists and, therefore, to that extent have 
lost their meaning. His general systematic philosophy 
is conservative, if conservatism is interpreted to mean 
placing forms in the least indusive applicable taxono¬ 
mic category; he writes: .. it appears to me to be 
more logical in the absence of definite proof of inter¬ 
gradation or reproductive isolation between closely re¬ 
lated allopatric or geographically vicarious forms to 
consider them as subspecies rather than species.” 
(p. 166). 

The material on morphological characters is treated 
in a refreshingly novel fashion and is especially well 
handled. There are many attempts at analyses of 
quantitative data which seem to be done with concepts 
of modem genetics and population biology rather than 
•with a consideration of specimens as a chance coflec¬ 
tion of natural artifacts. Unfortunately, the analyses 
are largely qualitative or only partly quantitative. 
There is much information in the raw data that has 
not been extracted, and the raw data are not available 
in the paper. 'This' particular section will be of m- 
terest not only to specialists concerned with the genus 
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but also to a large number of general systematic 
zoologists, regardless of tbe group with which they are 
primarily concerned. 

The accounts of the individual species comprise a 
monument to the author^s effort. To an unusual de¬ 
gree, most of the information presented is new and 
relatively little is derived from compilation. For ex¬ 
ample, of the 18 recognized forms, one-third have been 
described by Oliver during the course of this study. 
These accounts are illustrated with spot distribution 
maps and with excellent and striking drawings of 
heads, scale patterns, and hemipenes. Each species 
account contains an outline synonymy (a single citation 
for the first use of each name applied to a form), a 
statement about the type locality and range, and a 
fairly detailed description of scutellation and color. 
The account continues with a discussion of variation 
and various pertinent remarks. Each account is con¬ 
cluded with a list of the specimens that were examined, 
giving locality data and museum number. All in all, 
about 900 specimens were studied; for one race Oliver 
had available as many as 194 specimens, yet for 
another, only 5. There are keys to the forms. An 
additional welcome feature would have been a table to 
summarize the ranges of the more important systematic 
characters for each of the forms. 

Oliver has spared no effort in gathering information 
about these snakes, even if it was not particularly 
germane to the present paper. He has an mteresting 
section on food habits, in which it is rather clearly 
pointed out that although the snakes are diurnal, the 
organisms that make up their diet (largely hyiid frogs) 
are nocturnal or crepuscular in habit. He suggests: 
“There may be possible advantages to a predator in 
locating its prey at a time when the latter is in a qui¬ 
escent state and from which it emerges under a relative 
disadvantage in sensory efficiency as compared with 
that of the active predator.” 

The format is very pleasing and the editorial work is 
of the same high standard as the content; I was able 
to locate only two minor typographical errors. 

Arnold B. Grobmak 



A Revision oe the Bied^ Famiey Dicrtjeidae. Bui- 
lain of $ke Amerkm Museum of Natwul , History, 
Volume 93: Arikk 4. 

By Ckwks Vawk, Amerkm, Museum of Naiwul 
Mkkry^ Mm York, $1.75 ,(paper).. Pp. 199-342; 
il. 1949. 

Not since 1877 has the family Bicraridae, the drongos, 
beea revised, with the result that the taxonomy of 
this group haS' become hopelessly out of date. The 
pr^ent remion 'iS' on' an examination of nearly 
3^, ^ediiiens,. indudlng'aff hut two of the^awpted 
forms., ''The: 14 so^ genera into which the'family was 


originally divided is herein reduced to two, one being 
monotypic. These are Chmtorhynchus^ whose tail has 
12 rectrices, and D-kmrus with 10 rectrices. Twenty 
spedes are recognized in the latter genus, some of 
which contain many geographical subspecies. This 
lumping results from the fact that characters formerly 
considered as being of generic distmction show con¬ 
siderable overlap when large series are compared, and 
the same situation exists with what were formerly 
considered specific differences. The probable evolution 
of various characters such as tail, crest, and eye color 
are discussed as well as traced geographically on maps. 
The synonymy is complete, and each species and sub- 
spedes is described as to plumage, size, and range. In 
spite of this rather exhaustive treatment, only one new 
form is described, Dkrurus Jwttentotus tmschi from 
Sumbawa, and only one new name proposed, B, para- 
diseus ceylonkus. A large table gives comparative 
measurements of significant parts of all forms. Pro¬ 
fessional ornithologists with taxonomic mdinations 
will welcome this important contribution, which will 
become a standard reference for this famfly of birds. 

Henri C. Seibert 



Studies in the Perameudae (Marsupiaxia). i?e- 
sidts of the ArchboU Expeditions. Number 60, BuHdin 
of the Amerkan Museum of Natural History, Volume 
92: Article 6. 

By G. H, H, Tate. Amerkan Museum of Matured 
Historyy New York, 50 cents (paper). Fp. 313- 
346; m. 1948. 



ECONOMIC ZOOLOGY 

A Textbook oe AGEictrLTORAi, Entomology. Second 
Edition. 

By Kenneth M. SmUk. Cambridge UnipmUy FresSy 
Cambridge and Nm York. 18b. xiv -f- 289 pp,; 
m. 1948. 

After 17 years this' edition again brings into print a 
small, concise manual of specific farm and Ivffiteds: 
pests of importance in Great Britain. It is harffiy a 
textbook, aS’ the term is used in the Unitei States, but 
a rather technical reference for the trained entomo^ 

. Its small size is made po«ble by the excluom'^ 
of'fruit insects and by mdusion of very little in 'SsiC 
way of 'general disoission, which o'mits even insectiddfis 
and equipment 

The first three chapter^ r^>ecrivdiy^ conadw the 
organhation of agricultuial 'oatomology (i^^ende^ in 
.En^and and'Wafe;'methods of insect cjontrol thiwtgh 
cultural, and: le^ytlive rnmns;, .and' the, ef¬ 

fect weather emditions cm ixmA: wlhrate.;', 
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Tke nest ten chapters deal with the various insect 
pests under their taxonomic positions in the several 
orders^ with but short diagnostic statements for the 
order, subordeiy or family. No keys or elementary 
morphology are presented, the reader being referred 
for these to Imnis^ General Textbook of Entof?iology, 
Each species is described in full detail in its various 
stages, but the terms used are those of the taxonomist. 
Brief notes are given regarding control, but equipment 
is taken for granted in most instances. Rather thor¬ 
ough treatment of the life history and the natural 
enemies of each pest is one of the commendable points 
of the book. The fourteenth and final chapter dis¬ 
cusses the insects and virus diseases of crops in a de¬ 
tailed fashion under each crop. In spite of the vast 
literature on plant viruses and their transmission, the 
bibliography of this chapter contains but four cited 
references, of which two are papers by the author. 

There are two excellent appendices, the first of 
which tabulates by crops the s}U 2 iptoms characteristic 
of insect attack, while the second tabulates by botani¬ 
cal names the common forms of w^eeds which serve as 
alternate hosts for many insect pests. A separate in¬ 
dex of parasites and predators follows the appendices, 
and is arranged alphabetically by scientific name under 
the insect orders, with the page reference cited for 
each host. 

Since the fiirst edition of this hook appeared in 1931, 
it is only reasonable to expect considerable revision 
in the present volume, but unfortunately this second 
edition represents little more than a reprinting. Per¬ 
functory additions have been made in a few instances, 
with none of the book having been rewritten except 
the final chapter on viruses and a very few sections on 
life history or control. As a result, the earlier pagina¬ 
tion and illustrations have been successfully retained 
up to the last chapter; only one new reference (p. 187: 
23A) could be found among the several appended bib¬ 
liographies for the first 13 chapters; and more surpris¬ 
ing, the first paragraph of the introduction remains as 
written in the first edition, leaving the reader to ponder 
statements which are curiously out of place. 

Robert Matheson 



The Commerciai. Fish Catch of California for 
THE Year 1947 with an Historical Review 1916- 
1917. 'Stele of CuUfornui^ Beparimmt of NaMrd Re- 
5WCCS, Phh BtdMin Nmmbat 74. 

Bylhe Staff of the Burem &f Marine Fish^ies. Di- 
^visim of Fisk Game, Bwmu of Marim Fisheriesj 
Side of Cdifomia Bepwtmmt of Naiwal Resourcest 
Tffmimd Island^ Cdiforma. Paper. ' 268 pp.;. ill. 

' im 

; IMs 30-ym review, .covering the'period of California’s 
&e to a, major fisheries, state, indudes, in addition to 
»EBBarte of the .catch® of important 'commercial 


fishes, information on shellfish, octopus, and whales, 
and to a limited extent, data on sport fishing and bait 
spedes. Seaweed landings are omitted. 



Fishing the Atlantic. 

By S. Kip Farrington^ Jr. Coward-McCann, Inc.^ 

Nerd) York. $6.75. xxii + 312 pp.; ill. 1949. 
Farrington covers the Atlantic, from Nova Scotia to 
Venezuela, the Bahamas, and selected spots on the 
other side. His idea of fishing is the chartered boat, 
elbow-bending approach, and over half the book deals 
with how big the fish are north of New Jersey. Ap¬ 
parently he spent one day in Texas, at that place 
where “they bite every day,’’ and there seems to be 
no photographic evidence of Ms observation that “it 
is often possible to kill a limit of ducks before ten 
o’dock in the morning and catch redfish and tarpon 
before going in to lunch.” We do have pictures of 
the author, the author’s wife, and other worthies 
alongside their victims or gazing out to sea at the ones 
that got away. The sections on the European and 
African coasts are very sketchy, even from the big 
game fisherman’s point of view. The illustrations by 
Lynn Bogue Hunt consist of a colored frontispiece and 
chapter headings. All very fine, if your idea of fishing 
is to catch them as big as possible and get your name 
in a record book. 

Joel W. Hedgpeth 



An Investigation of Oyster Producing Areas in 
Louisiana and Mississippi Damaged by Flood Wa¬ 
ters IN 1945. Special Scientific Report—Fisheries 
Number 8. 

By Philip A. Butler. United States Department of 
the Interior, Fish and Wildlife Service, Washington, 
D. C. Paper, ii + 36 pp, + 2 plates; text ill. 
1949. 



PARASITOLOGY 

Medical Entomology. Second EdUton. 

By Robert Matheson, Comstock Publishing Company, 
Ithaca. $7,50. xii -f 612 pp.; il. 1950. 

This second edition represents a considerable revision, 
and much of the new book is concerned with the tre¬ 
mendous advances made In tMs field since 1932. The 
author states that he has attempted to bring together 
all data available by the end of 1948, 

Hiere are 20 chapters. The first gives a brief his¬ 
torical account of the discovery of the transmission of 
certaiii diseases by arthropods, and the second is a gen¬ 
eral introduction' to the Arthropoda. Chapters HI- 
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XVI and XVIII deal with the orders and families of 
disease-transmitting arthropods; Chapter XVII is con¬ 
cerned wdth myiasis, Chapter XIX with poisonous and 
urticating arthropods, and Chapter XX with collecting, 
preserving, and mounting insects. 

The various groups of arthropods are introduced with 
descriptions of their external and internal morphology, 
accounts winch in the case of the ticks, the phylum 
Hexapoda, the order Diptera, and the family Cuiicidae 
are quite extensive. There are keys to certain classes, 
orders, families, genera, and to some species. These 
aids to identification are abbreviated, and although of 
use in student laboratory exercises, they are of limited 
value to the entomologist who wishes to make deter¬ 
minations without access to the special literature. 

The essential features of the biology of the larger 
groups are summarized, and there are notes on the dis¬ 
tribution, life cycles, and special habits of the more 
important species. The most valuable feature of the 
book is that it brings together most of the evidence for 
the Incrimination of the vectors of disease. The list of 
proved arthropod vector species has inaeased greatly 
during the past 15 years. One addition to the second 
edition is a discussion of the arthropod-borne enceph- 
ahtides, but unfortunately several of the viruses which 
have been isolated from wild-caught mosquitoes have 
been omitted. In a book of this size it would not be 
possible to summarize all of the voluminous literature 
on the transmission of malaria, j^ellow fever, and filaria- 
sis, and so tables are given listing the vector spedes, 
their distribution, and breeding habitats. The inter¬ 
pretation of this extendve literature is not easy, and 
one might question indusion in the table of ‘^rindpal 
vectors of malaria” such spedes as Anopheles mangy an- 
m in the Philippines, A. lungae in Guadalcanal, and A. 
pessoai in South America, and the exdusion of A. aqua- 
salisj A. heUaioTf and A. crusii from the list of South 
American vectors. Eaemagogus spegazzinii spegazzinii 
is not included among the list of yellow fever vectors. 
S. spknims and S, equinus are listed as having been 
found naturally infected, but no references are given. 
These spedes are known to be suitable laboratory vec¬ 
tors, and the finding of naturally-infected specimens 
would so increase their epidemiological importance that 
the work would merit a reference. The erroneous dis¬ 
tribution given for some of the Eaemagogus spedes is no 
doubt the result of the general state of confusion con¬ 
cerning the taxonomy of this genus. 

With respect to control of the disease vectors, some 
spedes are dismissed with brief recommendations, while 
others are treated more extensively. Measures of con¬ 
trol have been developing so rapidly that already this 
book is somewhat out of date. There is no reference 
in the index to chlordane, toxaphene, benzene hexa- 
chloride, or the p 3 nraioiies. Considerable space is given 
to the outmoded use of oils and Paris green as mosquito 
larviddes* Although BDT as an 'adultidde is dis¬ 
cuss^, the tremendous implications in the use of BDT 


and other residuals in control of malaria in rural trop¬ 
ical areas have been ignored. The standard arsenic dip 
formula for tick control is given, but there is no mention 
of the recent work on the newer dips, washes, and 

sprays. 

It would be difficult to write a book that would 
summarize to everyone^s satisfaction all of the various 
aspects of the rapidly expanding field of medical ento¬ 
mology. Matheson has attempted a compromise 
through brief discussions of some subjects which many 
readers may believe merit more extensive treatment. 
Nevertheless, this book will be a useful textbook for 
an introductory course in medical entomology. 

hnoYD E. Rozeboom 



Illustrated Laboratory Outlbie or Veterin.4RY 
Entomology and Helminthology. 

By J. E. WhUloch. Burgess FuUishmg Company^ 

Minneapolis. $3.00 (paper), iv 4* 87 pp.; ill. 

1948. 

This manual is obviously designed to meet the needs of 
the author’s own course, but could be adapted without 
much difficulty for any general course in veterinary 
entomology and helminthology. The current practice 
in laboratory manuals of providing drawings to be la¬ 
beled by the student has been followed. These draw¬ 
ings, all redrawn or adapted from other authors, are 
large, reasonably accurate, and dearly reproduced by 
photo-offset. There are 31 full-page plates, consisting 
of 242 figures, mostly line drawings. Although there 
is no separate bibliography, specific references are given 
in the legends to the figures. The descriptive portion 
of the manual, reproduced by mimeoprint, is necessarily 
general and somewhat limited in scope. Some of the 
descriptive taxonomic material is presented in tabular 
form. A key to the mites of veterinary importance is 
given. It is perhaps unfortunate that ke 3 rs to other 
groups, both arthropods and helminths, are not also in¬ 
cluded. 

Alan W. Donaldson 



ANIMAL GROWTH AND DEVELOPMENT 

Lehrbuch der Embryologbe. 

By Walt&r Branil S. Karg^^ Basd. Sw. Ir, 56.W). 
xii 4- 648 pp.; ill. 1949. 

It is a curious anachronism that most current textbooks 
of human and mammalian' embryology are so deqply 
concerned with ^*pure” morphology that they have 
failed to take advantage of,the great body of literature 
dealing with experimental embryology and eluddatiiig 
many of the morphogenetic proces»s. Some of the 
' more recent editions of certain €la»ca! textbooks have 
attempted, to 0 >mpensate lor'' this d-efidcsncy by inciud- 
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ing several chapters or portions of chapters describing 
some of the results of modern experimentation, but 
these sections tend to remain as islands separate and 
apart from the rest of the text. It is clear to cautious 
experimental embryologists that experimental results 
obtained on non-mammalian material cannot always be 
applied to the mammal. It is, however, only against 
a Wckground of comparative embryology ^that many 
of the details of mammalian embryology fit into appro¬ 
priate perspective, and only in the light of experimental 
data that the dynamic qualities of many of the morpho¬ 
genetic processes can be appreciated. Yet there has 
been no really serious attempt to effect an integrative 
synthesis of comparative and experimental data with 
the moiphologica! descriptions of embryogeny and or¬ 
ganogeny ’which constitute the major content of the 
textbooks addressed to premedical and medical stu¬ 
dents. It is accordingly greatly to the present author’s 
credit that he has made such an attempt. 

In order to achieve this goal within the covers of a 
single volume of reasonable size, he has had to sacrifice 
some of the meticulous presentation of detail in which 
the fuller organological sections of Arey, Patten, and 
Hamilton, Boyd and Mossman excel. Furthermore, 
modem embryologists will sometimes disagree with 
some of Ms descriptions and interpretations, and in par¬ 
ticular will question Ms presentation of the formation 
of the germ-layers in many of the vertebrate groups. 
His labeling, for instance, of the roof of the amphibian 
archenteron as “endoderm’* will not be happily accepted 
even in relation to Ms mitigating statement that ^‘das 
innere Keimblatt entwickelt drei Primitivanlagen: Die 
Chorda, das mittlere Keimblatt und die Darmanlage.” 
His description of the formation of the layers in the 
chick is thoroughly incompatible with the results of 
the most recent experimental analyses on this form. 
His interpretation of mesoderm formation in Amphi- 
&XUS is far closer to Hatschek’s than to the more mod¬ 
em one of ConkHn. 

These are matters of detail, however, concerning 
wMch the student can draw Ms own conclusions by 
referring to the origin-al literature, wMch tMs book will 
encourage Mm to explore. Any factual or interpreta¬ 
tive deficiencies of the book are more than outweighed 
by the author’s commendable contribution in coordinat¬ 
ing modem comparative and experimental data with 
the cla^ai.1 material, and thus in presenting the mam- 
alian embryo as an int^ated and dynamically func¬ 
tioning whole. 

Jane M. 'Ofpenheiher , 



YMsmmic Develobceot of xse Peatymsh (Peaty- 
iCfficaiTs), 'Tm SwoiwAtt (Xiphdfhoiujs), and their. 
Hywim* ^ ^ Am&um Mmsmm 0/ 

WAmeM: Af$Me'4,' ,, 

% WiMm W, Tmigm. Amwkm Mmmm ^ Mol- 


ural Sisioryf Mm York, 85 cents (paper). Pp, 

230; m. 1949. 

TMs article represents a doctor’s dissertation submitted 
to New York University. The greater part of it (45 
pages) deals with the normal development of Thty- 
poecilmj a viviparous poecMid fish; six pages are de¬ 
voted to a comparison of TlatypoecUm development with 
that of Xiphophorm and of Xiphophorm-Plaiypoecilm 
hybrids. When embryonic stages of Xiphophorm^ of 
Platypoecilus^ and of their hybrids were compared, 
points of difference were found in the stage of initial 
pigment differentiation, in the stage of caudal fin differ¬ 
entiation, and in the rate of growth. 

Jane M. Oppenheimer 



RECHERCHES sue IE DiTERMINISME DE lA SYM^TRIE 
BiLATfiRAiE dans rOeuf des Amphibiens, SuppUments 
au Bulletin Biologique de Prance et de Belgique^ SuppM- 
mmtXXXL 

By P. Ancel and P, Vintemberger. Laboraioire d’fiw- 

lution des Eires Organises, Paris, 1000 fr. (paper). 

iv -f- 191 pp. + 4 plates; text ill, 1948. 

This communication includes a detailed description, dis¬ 
cussion, and siunmary of an experimental analysis wMch 
the authors began in 1932 in an attempt to evaluate 
the degree to wMch the constitution of the virgin egg, 
the point of entrance of the spermatozoon, and gravity 
are involved in the determination of the plane of bi¬ 
lateral symmetry of the ampMbian egg. Many of the 
results have been briefly reported in notes in the C. f. 
Soc. BM. 

The authors have been unable to find positive evi¬ 
dence of structural differentiation within the virgin egg 
responsible for determining either the position of en¬ 
trance of the spermatozoon or of the plane of bilateral 
symmetry. They include, however, as positively dem¬ 
onstrated factors contributing to influence the position 
of the plane of symmetry, the point of entrance of the 
spermatozoon, the rotation of orientation of the egg, the 
inclination of the egg axis, the compression of the egg, 
and the rotation of fertilization. 

The rotaiion of orimtaiim they define as an early 
movement of rotation of the egg around its horizontal 
axis resulting from the action of gravity. In the eggs 
of, Rana fmca, for instance, artificially activated ac¬ 
cording to the authors’ methods, it occurs before the 
appearance of the perivitelline fluid, begmning, at 
18** C., TO to IS minutes after activation and £»m- 
pleted by 30 minutes after activation. The roMim of 
fertilmUm occurs later, beginning in con^mrable ma¬ 
terial one hour and 10 minutes after activation arid 
ending an hour later. It brings the primary axis of the 
egg into an obBque position, its upper pole moving 
into what'Will be the ventral, its Iowa:'into what wil 
be. the future, 'dorsal henii^here. ThQr claim to have 
demonstrated ^timt the r&Mim of fwiUmdim' Is ,nbt 
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mass movement of the egg as a whole, but rather a 
movement of the egg-cortex over the subjacent proto¬ 
plasmic layers. 

The authors believe that the point of entrance of the 
spermatazoon, the rotation of orientation, the inclination 
of the egg axis, and the compression of the egg act as 
preparatory factors contributing to influence the direc¬ 
tion of the rotation of orientation, and they consider 
that their microscopic preparations indicate the manner 
in which these preparatory factors exert their influence. 
They conclude, however, on the basis of a long series 
of experiments varying these factors alone and in com¬ 
bination, that it is the rotation of fertilization which 
acts as the ultimate factor in determining the plane 
of symmetry, and they consider it to be the rotation of 
symmetrization of the egg. 

Jane M. Oppenheimer 



Vision: Its Development in Infant and Child. 

By Arnold Gesell, Frances L. Ilg, and Glenna E. 

Btdlis, assisted by Vivienne Ilg and G. N. Getman. 

Paul B. Eoeher, Medical Book Department of Harper 

& Brothers, New York. $6.50. xvi + 329 pp.; ill. 

1949. 

This is the new^est book from the Yale Clinic of Child 
Development, of which Arnold Gesell is director. It 
is essentially a verbal description of how infants and 
young children use their eyes in certain standardized 
test situations and in normal, everyday life. The au¬ 
thors appear to have two main theses: (1) visual behav¬ 
ior develops in an orderly sequence, much as other 
kinds of behavior do; (2) the development of \nsuai 
behavior cannot be considered independently?- of the 
other types of behavior which mature at the same time. 
Both points are w-ell substantiated. 

On the whole, the book was disappointing to the 
reviewer. It is full of rich, beautiful prose, but is 
largely empty of solid, factual content. Read this sen¬ 
tence, for example: “His spatial domain is loosely or¬ 
ganized, but Ms command of the meridians and dimen¬ 
sions of space is sufficiently firm so that his reactions 
are constructively fluid, rather than precariously in¬ 
stable”; or these, wMch incidentally keep recurring 
throughout the book; “FIVE is a nodal age. FOUR 
is fluid, but FIVE is in focus.” Perhaps they may 
convey some meaning to other readers; but your re¬ 
viewer found them, and many more like them, vacuous 
desaiptions of human behavior. 

There are 72 clear illustrations in the book, although 
some of these appear to serve no function other than 
to increase the printing cost. There is also a list of 
55 Selected References at the end of the book. Several 
of these are actually mentioned in the text; it is diffi¬ 
cult to see, why some of the others were put on the 
list. 

TMs is a particularly frustrating piece of work, be¬ 


cause the authors evidently? did some quantitative 
studies. In an appendix they discuss examination pro¬ 
cedures W’hich include retinoscopy, ophthalmoscopy, 
and measurements of acuity?, phoria, accommodation, 
fusion, and so on. Surely some quantitative data must 
have been obtained. If the authors have such data, 
they have concealed them well. In short, don’t read 
tMs book with the expectation that ymu will learn 
much about vision from it. If you want a pleasantly 
written description of what children do at various ages, 
then you cannot go wrong with this book. After all, it 
is written by authorities in the field. 

A. Chapanis 



The Story of Life. Nineteenth Edition. 

By Ellis TT. Whiting; illustrations by Joan Walsh 
Anglund. Wilcox & Follett Company, CMeago, New 
York, and Toronto. $1.25. 48 pp.; ill. 1949. 

TMs, a simple, straightforw^ard book, now? in its nine¬ 
teenth edition, was designed to answer for young chil¬ 
dren the question w?here babies come from. It may be 
recommended for parents w?ho may feel self-conscious 
about developing their own answers and who would 
like guidance on this point. 

John Cushing 



ANIMAL MORPHOLOGY 

Les Gl.4ndes Endocrines Retro-Cerebrales bes 
Insectes (^tiide Morphologique). SuppiSment XXX// 
au Bidleiin Biologique de France et de Belgique. 

By P. Cazal. Laboratoire d^&wluiion des Mires Dr- 
ganises, Paris. 1000 fr. (paper), iv -f- 227 pp.; ill. 
1948. 

TMs publication represents a thesis presented to the 
Sorbonne for the degree of Doctor of Science. It is 
primarily a study of the gross structure and histology 
of the corpora allata and associated glandular and neu¬ 
ral tissues. All major groups of insects are treated. 
The paper is profusely illustrated. 

V- G. Detehee 



The Feebing Organs of Arachnida, Inceubing 
Mites anb Ticks. Sm^hsonian MisceHaneous CoUec- 
lions. Volume 110, Numbo' 10, Fuhlicatim 3944. 

By R. E. Snodgrass. Sm^hsonmn Institution, Wash* 
ingUm, D. C. Paper, ii + 93 pp.; ill 1948, 



Histoeogy anb Histofathoeogy of the Eye anb its 
Abnexa. 

" By I. G. Sommm. Grune & Skcdim, Nm York 
$12.00. 3dv + 784 pp.; ill 1949. 
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TMs book attempts to present, in a general and read¬ 
able way, the fundamentals of a well known and ex- 
liaustively investigated Seld. It prepared in re¬ 
sponse to student requests that the author’s lectures be 
made available in permanent form. Indeed, each chap¬ 
ter resembles an informal lecture such as might be 
presented to an interested but uncritical group. Each 
is simple in. form, without detailed discussion of con- 
Iroversici points. A notable feature of the format is 
found in the sections on literaiure, fodowhig each of the 
20 chapters. Here findings not specifically mentioned in 
the text are summarized in brie? paragraphs in small 
print, often single sentences. Immediaiel}* foUowing 
these resumes are commendably extensive bibliogra¬ 
phies covering the 5 'eats 1920-^17. This interesting de¬ 
vice unburdens the text of frequent references to au¬ 
thorities (a weight which has rendered so many texts 
unreadabie), while still ofering accessible sources for 
further reading. 

The 69 photographic iilustrations are mostly low 
pow’er magnifications. The quality of the specimens 
varies, but the reproduction is good. A 29-page index 
closes the book, wEich can be recommended as a read¬ 
able treatment of its subject, acceptably accurate 
although not authoritative, 

F. N. low 



External Morphology of the Pjmmate Brain. 

By Cornelim /. ConnoUy. Charles C. Thomas, 
Springfield^ lllimk. $10.00. xiv -f- 378 pp.; ill 
1950. " 

It is a great pleasure to greet the publication of such a 
book as this. Drawn from comprehensive material, it 
is clearly -written and beautifully illustrated with photo¬ 
graphs, line drawings, and tabular material. It stays 
neatly within the confines of its subject matter, each 
topic being presented without undue brevity or exces¬ 
sive length. , It fills a definite need in the literature on 
primate anatomy. 

The HrdliSka collection in the U, S. National Mu¬ 
seum was used for the study of fissural patterns in 
primate brains. All famlHes among primates are rep¬ 
resented in the 330 brains used. Most numerous are 
the apes and 'the catarrhine monkeys. The platyr- 
rhine monkeys'and'the more primitive forms in the 
suborder Lemuroidea are less well represented. The 
findings are presented so as to collate well with subse- 
qumt chapters on human brain development and the 
brains of different modem races of man. A chapter on 
encephalometry descrite an adaptation of the ^warz: 
Stereograph for brain measurement and presents some 
tabular data. Two chapters on endocranial casts de¬ 
scribe the relationslnp of the cast to the underlying 
' brain in the same individual in most ap^ and in modern 
saving as^ background for'an interpretation of 


cast= made from the skull fragments of fossil man. 
Oiher chapiers deal vrith such topics as the relation¬ 
ships 01 cortical areas to sulci, and anthropoid and 
human sulcal relationships and hoTiiologies. There is 
an interesting foreword by James W. Papez. 

One is impressed throughout by the author’s skiil- 
fuj uneinolional presentation of liiglily controversial 
topics. Such clearheaded consideration of facts, with¬ 
out any effort to push conclusions to one extreme or 
another, is a w^elcome ability (not to say innovation} 
in this particular field. Thus it becomes a convinc¬ 
ing reality that the brains of the various genera of 
primates can, in most cases, be distinguished from one 
another by their external physical characteristics. All 
of them are clearly distinct from that of man, but 
point up the human brain as the end point of an in¬ 
crease in size and complexity of fissuration. The 
brains of fossil man apparently occupy an interme¬ 
diate position encephaloinet,rically between the apes 
and modern man, although their fissuration is uncer¬ 
tain. Among the races of modem man differences are 
those of frequency, individual measures overlapping. 
The racial identity of single individuals cannot be de¬ 
termined with certainty from the physical characteris¬ 
tics of their brains. This purposeful book, which could 
not have been prepared without long and painstaking 
effort, refiects great credit on the author. It is recom¬ 
mended without reservation. 

F. N. Low 



A Textbook of Neuropathology wUh Clinkaly Ana- 
tomkal and Technkal Supplements. 

By Bm W. Lichtenstein. W. B. Saunders Com¬ 
pany, Philadelphia and London, $9.50. xviii -f 
474 pp.; ill 1949. 

In this new textbook of neuropathology, the author 
has given a very good account of general disease pro¬ 
cesses within the nervous system and of pathological 
methods of detecting them, as well as excellent state¬ 
ments concerning clinical syndromes and disease enti¬ 
ties. Since clinical neurological literature is so over¬ 
burdened with syndromes named for their discoverers, 
it is a blessing to have a book in which all these 'syn¬ 
dromes, some of them most obscure, are brought to¬ 
gether, and given dinical and pathological delineation* 
There is an excellent supplement on neuropathologica! 
technics. Not the least helpful aspect of this textbook 
is the beautiful photography of both gross and miaro- 
scopic sections. It is as good as that seen in prewar 
German publica'tions and enhances the value of the 
text not a little. This should be a very, useful book 
for students and practitioners as well as for profes¬ 
sional pathologists. 

'' Wendell Mwgie 
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Laboratory Manual in Anatomy and Physiology. 

Secmtd Ediimt. 

By Caroline E. Stack pole and Liiiia C. LeavelL The 
Macmillan Company^ New York. S2.00 (paper), 
viii -r 216 pp.; ill. 1948. 

Tills elementaijr manual is planned to acconipan\- rbe 
Textbook of Anatomy and Physiology by Kimber, Gray, 
Stackpole, and Leavell. 

David B. Tyler 



.4NIMAL PHYSIOLOGY 

pHYSiOLOGiE DE lTnsecte: Les Grmides Fonctions, le 
Compariement, Ecophysiologic. 

By Rimy Chatmn. IJlmtitui National de la Recher¬ 
che AgrommiquCj Paris. 2500 fr. 619 pp.; ill. 

1949. 

To write a treatise in a 3 ‘oung and rapidly expanding 
field is a tremendous task for any one person. This 
is particularly true in insect physiology. Since the 
publication of the Principles of Insect Physiology by 
Wigglesworth, eleven years ago, data on the physio¬ 
logy? chemistry, and phannacology of insects have 
been accumulating at an ever increasing rate, due in 
large measure to the need for and the development of 
more enectivc insecticides. To assemble the scat¬ 
tered material, to integrate it with the more classical 
studies on insects and ibc vertebrates, and to present 
it in readable form to so diverse a group as students, 
teachers, and research workers who may be entomol¬ 
ogists, physiologists, chemists, or insecticide manufac¬ 
turers is indeed a task. Chauvin has done this in 
most admirable fashion. 

The contents by chapters are as follows: the integu¬ 
ment, molting and metamorphosis, digestion and nu¬ 
trition, excretion, circulation (mcluding the fat body 
and oenocytes), respiration, nervous system (including 
locomotion, reflexes, and taxes), sense organs and be¬ 
havior, and growth and reproduction. The endocrines 
and intermediary metabolism are discussed under the 
processes in which they are involved in the various 
organ systems, e.g., hormonal control of color change 
under integumentarj!' pigments, metabolic changes dur¬ 
ing metamorphosis under molting. Some of the less 
easily classifiable material, such as lumiiiescence and 
the chemical constitution of the insect, ■ is fitted in 
smoothly in not inappropriate places. 

Topically, each chapter is introduced by a short, 
general description of the morpholog}?' of the organ 
SjTStero. 'This is followed by the detailed chemistry 
and physiology of the' individual 'processes and • parts 
of the system. An up to date bibliography ends each ■ 
chapter. , The stroigth of'the book is greatly enhanced 
in two wa 3 rs, in the opinion of the reviewer: first, more 
attention is given to methods'and to bioche'mistiy than , 


is usual in a general phjrsioiogy textbook; secoiid, in 
each subsection a general statement is made and fob 
lo'wed by typical examples in detail, usually In ordiRal 
sequence. For example, the discussion of the osmotic 
pressure of the blood opens with two para,graphs de¬ 
scriptive of methods of determining the pressure in 
small volumes of liquid. This is followed by the gen¬ 
eral statement that the insect’s osmotic pressure is 
generally higher than that of the mammal, with a para¬ 
graph each devoted to examples from five orders. 
Finally, with suitable figures and graphs the relation 
of osmotic pressure to the biotope and the details of 
osmotic regulation in three well knoum groups (Sigara, 
Culidds, Aedes detritus and Cliironomids) are pre¬ 
sented. 

As would be expected in an undertaking of this 
magnitude, some chapters are exceedingly good, e.g., 
those on digestion and circulation, while others are 
less so, e.g., those on respiration and the nervous sys¬ 
tem. How'ever, every aspect of the subject appears to 
be mentioned, and all of the material is dearly and 
concisely presented and well documented (e.g,, chapter 
III, on digestion, contains 24 tables, 8 figures, and 258 
references). This is a most "welcome and valuable 
book, one which should prove to be of great usefulness 
to entomologists and physiologists alike. 

George A. EoWiASDS 



Textboojk of Physiology, Tenth Edition, 

By 'William D, Zoeihoui and lib Hb TuMl'e, The 
C, F, Moshy Company, St. Louis. $4.75. 710 pp. -|- 
6 plates; text ill 1949. 

This 34-year-old elementarj^ textbook of physiology re¬ 
quires little introduction. The 10th edition is essen¬ 
tially the same as the 9th, reviewed earlier in this 
Journal (Q. R. B., 23: 259. 1948). Additonal topics 
have been covered in this edition by the addition of 
some paragraphs on sleep, energy baJance, water con¬ 
tent, body temperature regulation, blood sedimentation 
rate, lympb glands, isotopes, and suppressor areas of 
the cerebrum. The general style and format are simi¬ 
lar to those of earlier editions. 

, Bawd B. Tyler 



Vitamins and Hosmones. Admmes in Resmck 
Applicatmm. V&lnme ¥L 
Edited by Kolmrt S. Emris mi Kmnslk F. Tkmom. 
Academic Press^ Nm York. $7.80. xS + 435 pp. 

1948. 

The current volume of 'this valuable acrks contaias 
■®ght reviews, twO' of which ^ should be oLmther 
interest to theoretical Mobgists, namely,, Thc.B Vita¬ 
mins as Plant Hormones (Jaipes and Harriet Bopher),, 
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and Vitamins in Microorganisms (J. !M. Van Lanen and 
Fred W. Tanner). The Bonners have done a ver}" 
satisfying piece of work in presenting data which give 
us partial understanding of the vitamm economy in 
the higher plant, and of the basic and general role of 
vitamins in the plant.” This development has been 
made possible by the application of plant tissue cul¬ 
ture techniques, since the higher plant, unlike the 
higher animals, is in general able to synthesize its orsm 
vitamins, making elucidation of the part played by 
vitamins by simple depletion experiments not possible 
with plants. These studies have revealed that certain 
of the B vitamins function in the plant as hormones. 

The similarities in many of the biochemical processes 
of highly varied forms of life are further emphasized by 
Van Lanen and Tanner’s review. “Conspicuous as a 
result of the progress of the last decade has been the 
growing realization that the vitamins have a general 
rather than a particular significance in biology. Partic¬ 
ularly striking ... has been the parallelism between 
factors essential in animal nutrition and those required 
for the growth of microorganisms.... IMicrobiolog}^ is 
certain to occupy a pivotal position in furthering our 
understanding of essential nutritional factors.... Aside 
from theoretical considerations, the elaboration of vita¬ 
mins by microorganisms has become of increasing com¬ 
mercial importance.... On the basis of their sporadic 
distribution in microorganisms as well as their general 
lack of essentiality, ascorbic acid and the fat-soluble 
vitamins are readily separable from the regularly ac¬ 
cepted members of the B complex.... Vitamins of the 
B group are universally distributed in microorganisms 
and occur there at a level appreciably above that com- 
monl}" found in other biological specimens. Likewise, 
the majority of microbial species are capable of synthe¬ 
sizing these substances, in many instances making use 
of only the simpler forms of carbon and nitrogen.” 
There are suggestions of correlations of anabolic and 
'Catabolic processes with vitamin formation and content. 

The article on The Assessment of Human Nutriture 
(H. M. Sinclair) deserv^es the thoughtful consideration 
of the medical profession. This thorough and refresh¬ 
ing critique of attempts to evaluate human nutrition 
is forced to conclude that “man is a neglected animal.” 
The volume also includes articles on the Chemistry of 
Pteroylglutamic Acid and Related Compounds (Brian 
L. Hutchings and John H. Mowat); Vitamm K (Hen¬ 
rik Bam); The Nutritional requirements of the Cotton 
Rat and Hamster (B. S. Schweigert); and "^^tamins as 
Pharmacological Agents (Hans Molitor and Gladys 
Emerson). 

E. C. Kendall has contributed a substantial 50 pages 
on The Influence of the Adrenal Cortex on the Metabo¬ 
lism of Water and Electrolyte, w^hich is presented with 
a ojmmendabie background sketch of the normal distri- 
burion of €lectrobi:es and some of the functional influ-, 
mces to which they are subject. In consequence,, Ken¬ 
dall has been able to develop a more fundamental and 


rational approach than is sometimes shown by devotees 
of adrenal physiology. This review doses with a ref¬ 
erence to a mechanism for the transport of ions across 
cell membranes. “The nature of this mechanism is as 
elusive as a gremlin, but when it is understood we 
shall know how a simple group on the steroid nucleus 
confers physiological freedom from domination by 
electrolytes.” 

It is a commentary on the economics of science in 
our time that of the ten American contributors only the 
Bonners hold appointments from an academic institu¬ 
tion. 

Evelyn Howaed 



Vitamins and Hormones. Advances in Research and 
Applications, Volume VII. 

Edited by Robert S. Harris and Kenneth V, Tkimann. 

Academic Tress, Inc., New York, N. F. $7.80. 

xii -f- 488 pp. 1949. 

Twelve reviews, allotted seven and five to vitamins 
and hormones, respectively, illustrate in their several 
ways the varied functions of this type of essay: instruc¬ 
tion, admonition, and goad. 

Scarborough and Bacharach on vitamin P steer a 
wary course between those who deal with “vitamm P 
and chemical structure” and those who deny its exist¬ 
ence. They show that a good part of the confusion 
surrounding this vitamin results from a failure to dis¬ 
tinguish between capillary fragility and capillary per¬ 
meability, and that the most unequivocal effects of the 
vitamin are on the former. In discussing the provita¬ 
mins A, Zechmeister shows that variation in stereo¬ 
chemical arrangement alone may give a change in 
physiological activity of the same magnitude as that 
caused by a significant alteration in chemical structure. 
A stereochemical basis for the conversion of the pro¬ 
vitamins to vitamin A is suggested. Factual data for 
the vitamin requirements of the guinea pig and the 
rat, respectively, supplement reviews in previous vol¬ 
umes of this series on the requirements of other labora- 
tor\^ animals. The role of thiamin in tissue metabolic 
reactions is reviewed by Jansen (Holland), and the 
basic flaw in the pellagra-causing maize diet is shown to 
be the absence of tryptophane (Krehi). C. M, McCay 
has written, in Biet and the Aged, an interesting and 
original revievr. The philosophy that “assumes little 
responsibility for (aged) citizens outside the family cir¬ 
cle” does not appear to be limited to the Island of 
Okinawa, and the finest laboratories for the study of 
dietary deficiencies continue to be the various institu¬ 
tions of moral correction, and the asylums for the aged 
and insane. 

Two excellent reviews of the chemistry of pituitary 
and, other gonadotrophins (Li) and luteotrophin 
(White) emphasize the considerable body of new work 
in these fields.'On the other hand, the, posterior pitui-' 
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tary principles have provided a brisk pharmacology but 
altogether stagnant chemistry (SteMe). Articles on 
alloxan diabetes (Cabell Bailey) and infrared steroid 
spectrometry (Norman Jones and Dobriner) complete 
an interesting and valuable volume. 

A few interpretations and misprints challenge the 
acuity of the reviewer. It should be emphasized that 
the figures (p. 99) for sedimentation of thiamine pyro¬ 
phosphate enzymes refer rather to the particles with 
which the enzjmies are associated than to the enzyme 
proteins themselves. A misplaced decimal gives pig 
FSH 44 per cent of hexosamine (p. 235). The same 
hormone gives resumption (not resorption) of follicular 
growth (p. 229). 

H. N. Catchpole 



Physiology in Diseases of the Heast and Lungs. 

By IL D, Altscinde, Harvard University Press, Cam¬ 
bridge. $5.00. xvi + 368 pp. 1949. 

Although the author, in WTiting this excellent mono¬ 
graph, had in mind the needs of third and fourth year 
medical students, the book wdll undoubtedly be of great 
value also to those w’ho are actively engaged in medi¬ 
cal teaching, as well as to the more serious students of 
the subject. The teacher will find this an excellent 
source book for the preparation of lectures, while to 
the research worker it will be of particular value be¬ 
cause of the completeness of the bibliography. Prob¬ 
ably many investigators will take issue with Altschule 
on some of the interpretations he has made of their 
data; but, as the author points out, treatment of the 
data will also undergo revision in the future and by 
others. 

The subject matter is treated in 12 different chapters 
wherein Altschule critically reviews the available data 
dealing with Chronic Cardiac Decompensation, Acute 
Pulmonary Edema, Cardiac Asthma, Angina Pectoris, 
Myocardial Infarction, Cardiac Arrhythmias, Pericardi¬ 
tis, Congenital and Acquired Cardiac Defects, Pul¬ 
monary Fibrosis, Chronic Pulmonary Emphysema, 
Bronchial Asthma, Pleural Effusion, and Pneumothorax 
and Pneumonia. The book Is excellently written and 
well organized and can be recommended as a valuable 
addition to the library of any physiologist, physician, 
or investigator concerned with these problems. 

David B. Tyler 



Hemolysis and Relaxed Phenomena. 

By Eric Fonder. Grum & Stratton, Nm Tork. 
$mm. viii + 398 pp.; ill. 1948. 

It is now some fifteen years since the publication of a 
previous monograph on the erythrocyte by this author. 
There are many physiolo^ts who have felt that a 
careful; study of hemolytic phenomena would produce 


results of the greatest theoretical importance in under¬ 
standing the cell surface. The years have passed and 
the work has been continued wdth commendable dili¬ 
gence. Therefore, it is somewhat disappointing to find 
that the goal of a real understanding of the cell surface 
seems as far away as before. Such a situation is not 
to be taken as implying any criticism of the author. 
On the contrary, the experimental data in this field 
are so voluminous and in several cases so reproducible 
that it is obvious that biological workers have passed 
beyond the present limits of our knowledge of the phys¬ 
ics and chemistr>' of surfaces and of colloids. What 
would seem needed now is a greatly expanded pro¬ 
gram of research in colloid physics. 

The first three chapters of the hook deal with intro¬ 
ductory ideas and changes of shape either wdth or 
without volume changes. These chapters are largely 
an account of work which was completed by 1934. 
Chapter IV is on the cidochemistiy and architecture 
of the erythroc>i:e. It includes much valuable tabular 
material on the chemical properties of the red cell and 
has a thought-provoking discussion of the state of 
hemoglobin in the cell under normal and sickling con¬ 
ditions. Chapter V is on the kinetics of hemolysis. 
Although students of chemical reaction kinetics may be 
somewhat dismayed by the rather complex formulations 
for lysis, it remains to be demonstrated that such for¬ 
mulations can be made more simply. There is a fairly 
thorough discussion of prolytic ion changes in cells, but 
the treatment of the cation permeability of ceils is 
rather fragmentary. The author states that the sub¬ 
ject of permeability is not within the scope of the 
book, but it is difficult to see how a thorough discus¬ 
sion of cation permeability, a subject previously much 
in dispute, can be omitted if one is to understand hemol¬ 
ysis. Chapter Y1 deals with the inhibition and acceler¬ 
ation of hemolysis. It contains a very detailed account 
of the effects of a large number of biologically impor¬ 
tant substances on hemolysis. It is here that it is 
particularly clear how difficult it will be to formulate 
ideas of surface structure that will explain the diver¬ 
sity of phenomena observed. The last chapter is a 
review of hemolysis in vivo and deals largely with 
clinical phenomena. 

L, J. Muluns 



Recent Progress, in Hormone Research: The Pro¬ 
ceedings of the Lawmtian Hormone Confereme. Volume 

IV. 

Edited by Gregory Pincns. Academic Press, Nm 
. York. $8.80. viii 4-529 pp.; ill. 1949. 

Although the subject matter of one conference may be 
insufficient to indicate a trend, it is interesting that 
fully three quarters 'of the,papers given at the 1948 
Laurentiaii Homone Conference &owed a direct or 
implicit involvement with 'topics of clmical r^earch, 
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EEO several with the growing use of the iscftopic raethod 
in traciiigj fcr exariiple. changes in fat and carbohy¬ 
drate nietabolisn: iSteltin) or in tlie distribution of 
iodine (Keating and Albert; Seidlin). The haman 
being as a hormone converter is represented in papers 
on estrogen and progesterone metabolism, Ln which in¬ 
terest continues unabated (Marrian; Heard and Sa£Ton; 
Segalori,b while Samuels discusses the conversion of 
androgens at the tissue level. ‘'Man a IMachine^’ emer¬ 
ges from the extensive studies ct the Harvard School 
I see diagram, p. 2S1); and equally, “iMan not a Ma¬ 
chine'’ (not an adding machine, at least) from those of 
the Worcester Foundation and the Allen Alemoriai In¬ 
stitute. 

The somewhat perennial topic o£ aniihomiones 
brougiil out a discussion that turned largely on the 
concept of “pure hormones”—a concept to which the 
principles expounded by Pirie some time ago {Biol. 

15: 377. 1940) might profitably be applied. Sievenson 
described the remarkable fat rats of Yale which, like 
their literary forebear who: 

‘‘grew his little paunch as fat 
As that cf Doctor Luther,” 
also seem to have had diinculties with their internal 
combustioj). An urbane discourse, The Pancreas as 
Guardian of the Liver, presented a superior level con¬ 
cept, of the sort which, it seems, it should be a general 
objective of this kind ox Conference to evoke. 

Discussion of the papers provided a spirited cem- 
mentar}^ and this volume, as a whole, is a valuable ad¬ 
dition to endocrine literature. The printer’s devil has 
evidently been seeing too many psychoanalytical 
movies; he turns up (p. 146) with a “prostatic group 
attached to a protein.” 

Contents: G. F. Marrian, Some Aspects of Proges¬ 
terone Metabolism; R. D. H. Heard, The Metabolism 
of the Estrogens, Part I; R. D. H. Heard and J. C. 
Saitran, The hletaboiism of the Estrogens, Part II; 
Leo T. Samuels, The Metabolism of Androgens by 
Tissues; Albert SegaloS, The Metabolism of Estro¬ 
gens with Particular Emphasis on Clinical Aspects of 
Physiology and Function of O'Varian Hormones; James 
H. Leathern, The Antihonnone Problem in Endocrine 
Therapy; Abraham White, Integration of the Effects 
of Adrenal Cortical, Th^woid and Growth Hormones 
in Fasting Metabolism; Dewitt Stettin, Jr., The Al¬ 
terations in Metabolism Incident to Administration 
of Ih'sulin, Adrenalin and Thyroid Substances, Studied 
with the Aid of Isotopes; C. H. Best, The Pancreas 
as Guardian of the Liver; 'George W. Thom and 
Peter H. Fomham, Metabolic Changes in Man Follow¬ 
ing Adrenal' and Pituitary^ Hormone Administration; 
Gregory Pincus, Hudson Hoagland, Harry Freeman 
and Fred Elmadjian, ^ Adrenal Function in Mental 
'Dfeease; R, A.; Cleghom and B. F. Graham, Mani¬ 
festations of Altaed Autcmomic and Humoral Ftmc- 
' Iwn Ip' Psychoneuroscs; James A.' F. Stevenson, Ef¬ 
fects 5y|Mitliia^ic' Lesions m Water and Energy 


Metabolism in the Rat; Sulon W. Rawson and William 
L. Money, Physiologic Reactions of the Thyroid Stim¬ 
ulating Hormone; F. Ra.wncnd Keating, Jr., and A. 
Albert, The Metabolism of Iodine in Alan as Disclosed 
with the Use of Radioiodine; S. M. Seidlin, Radio¬ 
iodine as a Diagnostic and Therapeutic Tool in Clinical 
Medicine. 

H. R. C.VTCffPOLE 



The Cycle in the Gambel Sp.^rbow. 

By Barbara D. Blanchard and Alary M. Erichsmi, 

Unhersily of California Press, Berkeley and Los An¬ 
geles. $1.50 (paper), iv -f Pp- 255-318 -f- 1 chart; 

ill. 1949. 

The senior author of this paper is well known for her 
work on two forms related to the Gambel sparrow, 
Zonolrlckia iencophrys nuttali and Z. L piigetensis. The 
race, Z. L gambeU, studied in the present publication 
is a winter resident in California and migrates north 
to British Columbia and Alaska to breed. As in the 
previous study, the cyclic histological changes in the 
male gonads were extensively studied during the period 
of winter residence and the various stages of recru¬ 
descence w'ere compared and correlated with the activi¬ 
ties of the birds. Leydig ceils were found to be absent 
from specimens collected between September and early 
Januaiyv Their subsequent appearance preceded by 
four weeks any visible change in the tubules; it is em¬ 
phasized that their appearance forms the ffrst indication 
of testicular recrudescence. These cells undergo an 
enormous increase In number up to the time when 
mature sperms appear; it was calculated that the total 
volume of glandular intertubular tissue tvas 130 times 
as great in the breeding testes as in gonads beginning 
to recrudesce. It is suggested that this parallel increase 
beriveen Leydig cells and the resurgence of sexual be¬ 
havior may be taken to indicate that they are the source 
of the male sex hormone. 

The first appearance of the Leydig cells is designated 
as Stage 2. One bird at Davis was in Stage 2 on Jan¬ 
uary 5; two others collected on the same day were still' 
in the winter condition. On January 20, of seven speci¬ 
mens sectioned, one w^as in Stage 3, one ,in Stage 1, and 
five in Stage 2. At Santa Barbara the earliest date for 
Stage 2 occurred on January 8. Comparison of the 
initial date for these changes with external factors of 
day length, temperature, humidity, and solar energy 
leads the authors to conclude that such factors play 
insignificant roles, if any at all, in the physiological 
processes of 'testis recrudescence and that recrudescence 
must perforce be an inherent rhythm, TMs condurion 
is similar to the' one reached by the senior author in 
her former study. 

Since ,so much' exp'erimental evidence has accutnula- 
'ted to show that manipulation of light d'Oes infiuence 
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the gonad caxICj it wiii be of great interest to discover 
■tYherein lies the discrepancy between experimental birds 
and those exposed to natural conditions. Although the 
eitect of increasing light is denied in the present paper, 
the argument is not entirely convincing. It is pointed 
out that the average increase in light w^as only 0.9 
minutes per day from the time of the winter solstice 
ihrough Januaiyy and that from December 22 to Jan¬ 
uary 5 the absolute increase was of the order of 6 min- 
liteSj that the majority of days during this period wxre 
cloudy, rainy, or otherwise obstructive to the total 
possible sunlight. The latter argument is certainly not 
valid, considering the fact that as little as 0.04 foot 
candles of illumination has been shown to cause some 
testicular actiidty. Even the darkest day has consid¬ 
erably more light than this. The 15-day interval with 
only a seemingly trifling increase in daylength might 
still be sufficient to initiate Stage 2. English sparrows 
on just a iO-hour day have been found to have dividing 
spermatogonia, a point well be3>^ond the Stage 2 de¬ 
scribed here. Therefore, although photoperiodicity 
may not have as simple and direct an influence on gonad 
recrudescence in free wild birds as has been believed, 
it is still not a factor to be ruled out peremptorily 
without conclusive evidence to the contrary. The ma¬ 
jor weakness of this report lies in the evaluation of 
external en^dronmental conditions. Otherwise it is an 
excellent and valuable contribution, one which taken 
together with the previous study provides considerable 
insight into the physiological ecoiog>^ of closely related 
birds, and emphasizes once again that external morphol¬ 
ogy" is not always a reliable criterion for distinguishing 
subtler and more important differences in physiology 
and behavior. 

Henm C, Seibert 



The Adrenal Cortex. Annals of The New York 
Academy of Sciences, Volume 50, Article 6, 

By R. Gaunt, G. K Bergner, /. S, L. Browne, H, W. 
Deane, R, J. Dorfman, ff". /. Eversole, F. H. Forsham, 
Roy 0, Creep, A, G, Hills, D, /. Ingle, E. C. Kendall, 

E, J, Kepler, L, A. Lewis, I.'S. Page, G. Fincus, 

F. r. G. Frmty, G, Sayers, M. A. Sayers, G. W. 
Thorn, E. E. Venning, and G. IF. Woolley. The New 
York Academy of Sciences, New York. $3.00 (paper). 
Pp. S09H578; ill 1949. 

This authoritative series of papers is the result of a 
cx5nference on the adrenal cortex, held jointly by the 
New York Academy of Sciences and the New York 
Academy of Medidne, March 21 and 22,1948. Intro-’ 
ductory notes on the history of the adrenal cortical 
problem are pr^ented by "Robert Gaunt and J.-W. 
Eversole. There follows a straightforward presentation 
of studies on pituitary-adrenal interreiationsMps by G. 
,and M. Sayors^ with evidence for an inverse relation- 
dbip between the Hood^ concentratioE of adrenal hor¬ 


mone and the pituitary output of adrenDrortico’tropIuc 
hormone. E. C. Kendall discusses the difficult synthe¬ 
ses of the adrenal steroids, with their still unsatisfactory 
yields. Evidence that the biological properties of sym- 
Ihetic and natural ll-deh}'drocorticosterone are nearly 
identical is presented by L. A. Lewis and I. H. Page, 
R, I. Dorfman, and E. H. Venning. A critical survey 
of representative methods for the bioassay of adrenal 
hormones is given by R. I Dorfman. 

D. J. Ingle sunxys the role of the adrenal cortex in 
organic metabolism in his characteristically thoughtful 
manner. Ingle concludes that: 

^‘The thinking of many of us in the adrenal field lias 
become too rigidly' channelized during the past few 
years. It is common to describe adrenal physiology' in 
terms of electrolyte and organic metabolism as though 
they' are completely unrelated functions, electrolyte me¬ 
tabolism being controlled by^ ll-desoxycorticosterone 
and organic metabolism being controlled by the C-li- 
oxy'genated steroids. The story is not this simple... 
ffiere is considerable overlapping of effects, and there 
is a great deal of evidence that tliere are basic relation¬ 
ships between^the distribution of inorganic ions and the 
metabolism of organic compounds which relate to ad¬ 
renal cortical functions_We have spoken of end re¬ 

sults as if they were the processes oi action. We know 
none of the reactions into which the cortical hormones 
enter to bring about their metabolic effects.... Not all 
of the effects of the cortical hormones upon the viability 
and vigor of the animal can be defined in terms of 
what is now known of the metabolic effects of these 
hormones.... The most important and remarkable ad¬ 
vances in the adrenal field have been the isolation, iden¬ 
tification and symthesis of several biologically active 
compounds... . Now the new techniques of enzymology 
and isotope chemistry' may be the tools required to 
probe into the processes b>' which the cortical hormones 
produce their effects. In addition to techniques, new 
and broader concepts are needed. I hope there will re¬ 
main a place for physiologists... who will, at appro¬ 
priate intervals, remind the chemist that the organism 
functions as a whole.” 

R. O. Greep and H. W. Deane, in discussmg the 
cytology and cytochemistry of the adrenal cortex, sum¬ 
marize interesting evidence against the frequently re¬ 
iterated view that the cells of the cortex are ordinarily 
undergoing periphero-central migration. The produc¬ 
tion of cortical tumors Mowing gonadectomy in mice 
is described by G. W, Woolley. Data on thenrinary 
excretion of corticoids and i7-ketosteroids are presen'ted 
by E. H. Venning and J, S, L. Browne. These two 
groups of urinary metabolites are presumed to repre¬ 
sent different adrenal functions, and, from their excre¬ 
tion rates under various 'Conditions, it is ai,jested 
that these functions may vary independently of one 
another. Gregory Pincus discu^« adrmal 'cortical 
function in stress as the beginning of a ^tematic 
analysis of maatal disease in terms, of hormonal dys¬ 
function. ' Cimical stuffia in Add&>tt*s disease are pre¬ 
sented ' by G. W- Thom ao'd others,' and, Cushing^s 
disease' is discussed hyS* J. "Alti^dhear, 'the 

volume is a srimulating prttmtatioE'Of a cxmsidemble 
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range of contemporarj^ work on tlie ubiquitous adre¬ 
nal. 

E^telyn Howard 



Le Systeme Ner\^ux Sympatihque. UAvenir de la 
Science, Nzimber 29. 

By Paul Chauchard. GaUimard^ Paris. 490 fr. 

(paper). 364 pp. 1949. 

In this book the author describes the sympathetic ner¬ 
vous S 5 "stem along broad lines and in a manner charac¬ 
terized chiefly by lack of interpretative inhibition. The 
first part contains, in addition to a short historical 
chapter, an anatomical account and a description of, 
general function and pharmacology. The second part''\ 
is devoted to internal s\’mpathetic mechanisms, con¬ 
sidering bioelectric, chemical, and physical phenomena. 
Sympathetic regulation of organic function and its mal¬ 
adjustments are covered in the last part. Some of the 
interpretations are far from general acceptance, at least 
among scientists who rate disciplined thinking a virtue. 
The inclusion of motor cells in dorsal root ganglia is 
bound to disturb anatomists, and few* physiologists 
w'ill be comforted by sympathetic reflexes mediated, 
partly antidromicaliy, over separate branches of the 
axon of a single ceil. Such conceptions unfortunately 
characterize the book. The few illustrations are poorly 
drawn. The bibliography, admittedly not complete, 
contains only 26 items, mostly general in nature. This 
book offers little or nothing to the serious student of 
the s\Tnpathetic nervous system. 

F. N. Low 



ANIM.4L .NUTRITION 

, ..^Trace Eiements IX Food. 

' I, By G. Mb Monm-Williams. John Wiley & Sons^ 
New York. $6.00. viii 4 511 pp.; ill. 1949, 

The author is in charge of chemical researches in foods 
in the Ministry^ of Health, England. His book con¬ 
tains 28 chapters, and some discussion of 32 elements. 
It is, however, not well' planned and has serious de¬ 
fects. The term trace elements has come to be used 
to designate those elements which are of metabolic 
significance in norma! plant md animal metabolism. 
They are essentia! nutrients. The author includes dis¬ 
cussion of these, but gives fully as much space to a 
consideratioE of elements which frequently occur in 
smal amounts in fcwds, and which, so far as is known, 
are foreign and poisonous materials, primarily of inter¬ 
est to the food inspector and toxicologist. Either group 
of elements alone might well be treated in a book of 
this size, but they should not be listed mdiscriminately 
' in one volume* , The treatment accorded the elemoits 
^ , B, very uneven. Twenty-five per cent of the book is 
devoted to cop|)er, lead, and zinc. Almost as- much 
, ^ce,,is given to tin, arsenic, an^timony, selenium, and 


iron. Other elements are quite inadequately discussed. 
An example is cobait, for w^Mch there is but one refer¬ 
ence to any publication as recent as 1944. The biblio¬ 
graphic references to older literature wdll be useful, but 
for recent publications the reader will have to seek 
elsewhere. Much space is devoted to analytical meth¬ 
ods for the quantitative estimation of certain elements. 
It is a mistake to try to include discussions of biological 
significance, toxicolog>q and analytical methods for so 
many elements in a volume of this size. 

E. V. McCollum 



Tomorrow’s Food. The Coming Revohdion in Nutri¬ 
tion. 

By James Rorty and N. Philip Norman; foreword hy 

Stuart Chase. Prentice-Eall, New York. $3.50. xiv 

-h 258 pp. 1947. 

This is a thought-provoking book which everyone 
should read, for everyone must eat. x4.gain and again 
the authors, one of -whom is a journahst and the other 
a physician, call attention to the sobering fact that 
Americans are not eating the most healthful food and 
that this is because of various reasons—one, and most 
important, the over-processing of grains for the manu¬ 
facturing of flour and various processed breakfast foods. 
They also show that commercial handling practices de¬ 
stroy much of the natural vitamin content as well as 
other health-giving food qualities. They emphasize the 
nutritional inadequacies of the so-called “enrichment” 
of foods. Recalling the campaign of Harvey W, Wiley, 
who championed the food needs of American consumers, 
Rorty and Norman show that the time is already ripe 
for another Wiley, a man with sufficient courage to defy 
the commercialism of food processing and advertising. 
The authors complain that the public does not leam 
through magazines all that it might about nutrition, 
because of the domination of the editorial policies of 
periodicals by the advertisers. They also rightly em¬ 
phasize the strength of custom in determining food 
habits and practices, and the fact that this is not en¬ 
tirely dependent upon commercialism and advertising. 
This is exemplified in illiterate Asia by practically uni¬ 
versal milling of rice by all the natives in all rice- 
growing regions, a practice which constitutes a nutri¬ 
tional impoverishment even though hand milling is not 
as deleterious as machine processing. The two appen¬ 
dices, How to Eat Sensibly without Vitamin Charts, 
and Bibliography of Recommended Books, are useful 
adjuncts. 

Robert L. Pendletoh 



OUTUKES OE Food Technology. Second Editim. 

By Barry IV. wn Loesecke. RmnhoU Publishing Cor- 
poradi&n^ Nm York. $7.50. viii + 585 pp.; ill. 
1949. 
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The author has included a surprising amount of infor¬ 
mation on the preparation, handling, and processing of 
fruits, vegetables, dair}- products, meats, poultr}^, fish, 
shellfish, grains, fats, oils, sugars, starches, nuts, spices, 
reKshes, essential oils and extracts, beverages, confec¬ 
tionery, jams, jellies, preserves, and certified dyes. The 
discussions cover raw materials, equipment, machinery, 
packaging, preserving, freezing, storing, and marketing. 
The author is a chemist in the U. S. Department of 
Agriculture, and is obviously thoroughly familiar with 
his subject. He acknowledges the assistance of 14 men 
whose names are familiar to all who know anything 
about food technology. The book is to be highly rec¬ 
ommended. 

E. V. McCollum 



Diet in Relation to Reproduction and the Via¬ 
bility OF THE Young. Part I, Rats and Other Lab- 
orat-ory Animals. Commonwealth Bureau of Anhnal Nu¬ 
trition. Technical Comrmmication Number 16. 

By F. C. Russell; with a Foreword by L Leitcli. Com¬ 
monwealth Bureau of Animal Nutriiiony RoweU Insti¬ 
tute, Bmkshurn, Aberdeen, Scotland. 6s. (paper). 99 
pp.;iU. 1948. 

It is pointed out that the earnings of animal husbandry 
are seriously reduced by losses due to inefficiency of 
the breeding stock, to poor lactation, and to low vitality 
of the young. There are many evidences that inade¬ 
quate dietaries may be implicated. Since adequately 
planned and controlled studies for clarifying the prob¬ 
lems involved are not available for farm animals, the 
authors undertook to assemble all available data from 
laboratory animal experiments w^hich have a bearing 
on the subject, and to interpret these data in the hope 
that such a study might shed light on problems of 
reproduction and the rearing of young in animal hus¬ 
bandry. They first reviewed this field of inquiry- fifteen 
years ago. The present study -was based upon an ex¬ 
amination of all abstracts in volumes 1-17 (1931-1948) 
of Nuirition Abstracts and Remews. Stock diets, food 
consumption and energy requirements, protein, carbo¬ 
hydrate, calcium, phosphorus, vitamin D, magnesium, 
iodine, iron, copper, manganese, sodium, cMorine, po¬ 
tassium, aluminum, boron, fluorine, selenium, essential 
fatty acids and fat, vitamin A and carotene, vitamins 
E and K and the “grass juice factor,” vitamin C, the 
B-complex components and choline are examined in 
their possible relation to fertility and viability of young. 
There is an interesting summary, a bibliography of 414 
titles, and an index. This thorough inquiry into the 
meaning of recorded experiments with laboratory ani¬ 
mals with reference to reproduction, etc., will be in¬ 
valuable to all nutrition investigators and animal hus¬ 
bandmen. 

E. V. McCollum 


BIOPHYSICS 

Applied Biophysics. Survey of Physical Methods Used 
in Medicine. ^.4 Sy^nposium. 

Edited by N. ffoward-Jones. Chemical Publishing 
Company, Brooklyn. $6.75. viii -F 293 pp.; ilL 

1949. 

A symposium of articles on physical methods used in 
medicine, previously published in the British Medical 
Bulletin, and written by well known medical physicists 
of England, this small volume consists of terse sum¬ 
maries of several diverse and important fields to which 
physicists have contributed. Except for the articles on 
drug action and the mechanics of brain injuries, the 
book deals primarily with applications of electronics, 
heat, and ionizing radiation to diagnosis and therapy 
of cancer and related diseases. 

Titus C. Evans 



Radiology Physics. An Introductory Course for Med¬ 
ical or Premedical Students and for AU^ Radiologists. 
Second Edition, 

By John Kellock Robertson. D. Van Nostrand Com¬ 
pany, New York, Toronto and London. $5.00. xviii 
-f- 323 pp.j ill. 1948. 

This second edition is a revision of a very readable and 
non-mathematical introduction to the physical princi¬ 
ples underlying the use of x-ray generators and radium 
applicators. The most evident additions are terse sum¬ 
maries of principles involved in atomic energy and in 
super-voltage particle accelerators. The book begins 
with a review of pertinent principles of electricity and 
magnetism. This is followed by illustrations of these 
principles in the generation and control of high voltage 
to produce ionizing radiation. The most practical part 
of the book, from the standpoint of the radiation-biolo¬ 
gist, is the comprehensive discussion of the properties 
of x-rays and their interaction with matter. The last 
part of the book deals with radioactivity, transmuta¬ 
tion, and uranium fission. 

Titus C. Evans 



Infrared Determination of Organic Structures, 
By E. M. Randall^ R. G. Fml&t, Nelson Fmon, and 

l. R. Bangk D. Van Nostrand Company, Inc., 
Toronto, Nm York, London. $10.00. v + 239 pp.; 

m. ; 354 plates. 1949. 

Spectroscopy, using visible and ultraviolet light source, 
has long been a useful means to the characterization of 
biologically important compounds, Mrared spectros¬ 
copy has not been developed to the same extent be¬ 
cause of mad«|uate sources and recording device,, 
although the chemical industries have succes^lly em¬ 
ploy^ available instruments for, the qualitative and 
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quantitative identincation of compounds and mixtures 
of coEopounciS. Tiie autborSj realizing tiie need for 
detailed iniormatiGn in itis increasingly important field, 
bave compiled a mass of data, mudi of it from tlieir 
own researcbes, into a form useful for those -wiio would 
employ infrared spectroscopy in the deterniination and 
identification of molecular structure. 

The book ma}’ be divided roughly into tliree major 
aspects wMcIi, however, are net arranged consecutively 
as to chapters. The first considers the possibilities and 
iimitations of infrared spectroscopy in chemical anal}'- 
sis, the instruments, techniques, and practical applica¬ 
tions, and the methods of recognizing and interpreting 
specific stracture groups. The second aspect, covering 
two chapters, is concerned with cataloguing the infor¬ 
mation w’hich deals with the “empirical structural as¬ 
signment for the double-bond region” and the “struc¬ 
tural assignment for theoretically analyzed molecules.” 
Some 6€0 double-bond compounds are catalogued for 
absorption assignment in the 6 micron region, and some 
350 molecules are theoretically analyzed as a point of 
departure for further investigations. The remainder of 
the book lists half-tone absorption spectra of 355 or¬ 
ganic compounds. 

As the authors point out, the data presented deal 
largely with compounds of the aliphatic and phenyl- 
substituted aliphatic families, and represent a portion 
of their contribution to problems of penicillin stracture 
and synthesis. The compounds discussed, therefore, 
are of limited scope. The usefulness of the book goes 
beyond this, however, for it pro\*ides a basis for spectro¬ 
scopic w'ork on a variety of compounds and b\" a variet}' 
of workers. 

C. P. Swanson 



BIOCHEMISTRY 

Annuax Review^ or BiocsEMisTsy. Volume XT7//. 
Edited by J, Murray Luck, Bubert S, Loring and 
Gordon Mackinmy. Annual Reviewsy Stanford} Call 
fownia, $6.00. x + 739 pp. 1949. 

The hardy perennial of summar'ization in the vast field 
of biochemistiyr continues to fulfill its function in this, 
the 18th volume of the series, in wMcli reference is 
made certainly to most of the important papers pub¬ 
lished over a period nf approsiinately one year. The 
editors have maintained the standards set in previous 
volumes. They have selected significant chapter head¬ 
ings, keynoting the broad topics for review. They have 
been able genera% to attract eminently competent 
authors. To quote from the Preface: “While the 
writing of reviews of one sort or another is becoming a 
Iterary and mtelectual espeiien,ce which falls to the 
lot of almost every scientist sooner or later there is 
Botiilttg'in the acOTiiukt«i'ei^3erimce that makes the 
. IaA In th«e Mmms especially it is admittedly 

aodotos.', A slrenaoiis effort is inade to maintain''tham 


at a critical level.” As to the necessity of transferring 
some special subjects of a biochemical nature to other 
members of the family of Annual Reviews, the editors 
have reassured the reader as follows: “It is, however, 
our hope and confident expectation that ail investiga¬ 
tions of a fundamental character, whether the subject 
of research be a plant, an animal, or a microorganisrQ, 
will continue to find their place in the Annual Review 
of Biochemistry,” 

The topics reviewed and the respective au’thors are: 
Biological Oxidations (P. W. Preisler and F. E. Hunter, 
Jr.); Proteolytic Enz 3 unes (E. L. Smith); Nonoxidative, 
Nonproteol^dic Enzymes (K. M^wback); Carbohydrate 
Chemistry’ (D. J. Beil); Chemistry of the Lipids (J. A. 
Lovem); Chemistiw' of Amino Adds and Proteins (H. P. 
Lundgren and W. H. Ward); ISiucleoproteins, Kudeic 
Acids, and Derived Substances (J. N. Davidson); Me¬ 
tabolism of the Lipids (A. L. Lehninger); Chemistry 
of Neoplastic Tissue (E. Boyland); Metabolism of Pro¬ 
teins and Amino Acids (A. Neuberger); Intermediarj? 
Metabolism of Phosphorus Compounds (F. Lipmami 
and N. 0. Kaplan); Carbohydrate Metabolism (H. G. 
Wood and V. Lorber); Mineral Metabolism (Fluorine 
and Other Trace Elements) (F. J. McClure); Chemistry 
of the Hormones (A. Wettstein and F. Benz); Fat 
Soluble Vitamins (P. L. Harris); Water Soluble Vita¬ 
mins (E. L. R. Stokstad and T. H. Jukes); Nutrition 
(A. Keys); Metabolic Inhibitors (R. J. Winzler); Chem¬ 
istry of Antibiotics (0. Wintersteiner and J. D. 
Butcher); Insect Biochemistry (V. B. Wigglesworth); 
Nitrogenous Constituents of Plants (A. G. McCalla); 
Organic Acids of Plants (T. A. Bennet-Ciark); Mineral 
Nutrition of Plants (C. H. Wadleigh). There are ade¬ 
quate author and subject indexes. 

Lesue Hellesman 



Introduction to Physiological and Pathologic.4l 
Chemistry. With Laboraiory Experiments. Third 

Edition. 

By L. Earle A mow, udtk an introduction by Kaiharine 

J. Densfofd. The C. Ph Moshy Company, St. Louis. 

S4'.00. iv + 595 pp.; ill. 1949. 

This is a highly condensed presentation of such subjects 
as organic chemistr 3 q biochemistry, nutrition, and clini¬ 
cal laboratory chemistry. The,book has been written 
for the training of nurses, and it is probably very ade¬ 
quate for this purpose. One must regret that such a 
training course has to be, so condensed, and that so 
little basic information can be presented. The book 
is not suitable for the training of biologists. 

' L. J. Muiuns 



Abvances in Carbohydrate Chemistry, Vohm 4. 
Edited by W., W, Rigman and M, L. Wolfrom, A&ch 
dmm Rressy Wm York. ., 17.80. x -f 378 pp. 1949. ^ 
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Tlie fourtli volume of tMs series maintains the iiigb 
standard of the preceding tlixee volumes. It contains 
10 cliapters that cover various specialized aspects of 
carbohydrate chemistry. 

The first article, The Structure and Configuration of 
Sucrose (I. Levi and C. B. Purves), is a masterly review 
of the chemical work on sucrose since the early nine¬ 
teenth century, tracing the work to the present time, 
when knowledge of the configuration of this sugar is 
practically complete. Also included is information con¬ 
cerning the biochemical synthesis of sucrose. 

The second contribution, Blood Group Polysaccha¬ 
rides (H. G. Bray and M. Stacey), deals with blood 
group substances. These authors have summarized the 
efforts of the last two decades to elucidate the chemical 
nature of blood group substances, w'hich are largely 
carbohydrate in nature and of the mucoprotein type. 

A detailed account of Apiose and the Glycosides of 
the Parsley Plant is given by C. S, Hudson. The 
knowledge of parsley glycosides is treated historically, 
and their proof of structure is discussed in detail. C. 
Neubergj in an article entitled Biochemical Reduction 
at the Ejjpense of Sugars, is concerned with the phyto¬ 
chemical reductions of sugars by various classes of com¬ 
pounds, such as aldehydes, ketones, diketones, qui- 
nones, and others. 

An informative article on the Acet 3 dated Nitriles of 
Aldonic Acids and their Degradation has been prepared 
by V. Deulofeu. It deals chiefly with the Wohl degra¬ 
dation procedure, in its different variations and modifi¬ 
cations. 

Wood Saccharification (E. E. Harris) is an interesting 
discussion of the production of sugar from wood waste. 
TMs process has claimed the attention of chemists for 
many years. J. Boeseken, in his contribution on The 
Use of Boric Acid for the Determination of the Config¬ 
uration of Carbohydrates, has reviewed the work on 
the interaction of boric acid with sugars, and points 
out the valuable knowledge that has been gained from 
these reactions regarding the configuration of carbo¬ 
hydrates. R. Lohmar and R. M. Goepp, Jr., in The 
Hexitols and their Derivatives, give an account of all 
the known sugar alcohols, their occurrence, prepara¬ 
tion, and physical and chemical properties. 

Ihe article Plant Gums and Mucilages (J. K. N. 
JoQ« and F. Smith) is an excellent summary of the 
complicated structure of these compounds. The knowl¬ 
edge ^tined in that subject is cMefly the result of the 
efforts of the English investigators, Haworth, Hirst, 
Smith, and Jones, who have used the methylation pro¬ 
cedure. 

The last article, one' on the Utilization of Sucrose 
(L. F. Wiggins), is concerned with processes for con- ■ 
verting sucrose into compounds wMch ,can be used for 
industrial purposes. 

Like the previous volumes of the series,, 'tHs one is 
ktemational in scope. , Of the 10 articles, three, con¬ 
tributions have come from ,Eng3and, one from CJanada, ■ 


one from Holland, one from Argentina, and four from 

the United States. 



HnifATiN Compounds an,d Bile PiOieixTs. Tkeir 
Comtlkitwn, Metabolismf and Fnncfian. 

By R. Lemberg and J, HA Legge. Inlerscknce Rub- 

lishersy New York atid London, $15.00. xxvi -f- 749 

pp.jill. 1949. 

This is a welcome and important addition to the biblio- 
grapMc literature of biochemistry. The authors have 
incorporated within their domain the moleailar, physi¬ 
cal, and biological chemical properties of and relations 
among the porph>Tias, bile pigments, hematlu co,m- 
pounds, hemoglobins, and other metailoporphyrmopro- 
teins, including hematin enzymes such as cytochromes, 
catalase, and peroxidase. Withal, they have contrived 
the miracle of comprehensiveness coupled with critical 
and discriminating analysis and treatment of numerous 
and diverse topics. Several of the fields under review 
naturally are in flux, and some of the material is con¬ 
troversial. Such material seems to have been treated 
with reasonable objectivity and fairness. 

With satisfactory clarity the authors have referred 
throughout to the contributions afforded by the use of 
indispensable physical chemical approaches that have 
illuminated much of the subject matter. The principal 
methods include spectrophotometr>’', potentiometr}’', 
and magnetochemistry. There is a useful preliminary 
chapter entitled Methods of Investigation, credited to 
J. R. Callaghan. Obviously, any success in the treat¬ 
ment of many aspects of the difficult material reviewed 
rests upon those structural studies of the porphyrm 
compounds that constitute one of the outstanding 
achievements of ‘‘classical” organic chemistry in the 
first half of this centuiyL This underlying field pe,r- 
haps w’as not intended to be a primary consideration in 
the present volume, but it may be stated that the 
authors’ employment of pertinent structural data is 
adequate. 

It is impracticable to discuss here in any detail the 
large number of related topics of practical and theoreti¬ 
cal importance that constitute the meat of this ti^tise. 
The subject matter obviously is of interest to the biolo¬ 
gist, who no doubt will approve the authors’ respect 
for comparative biochemistry. The m^edicai investi¬ 
gator will find many points of interest, including 
commentaries on methods of .estimating hemoglobiiit 
functional adaptation in ma,mmMiaii respiration,, bflc' 
pigment estimation and metabolism, etc. The 'chemist 
will be' intrigued by what has been ^ accomplishwi 
through penetrating application o,f appropriate phyacal 
chemical techniques to' a prohlan m metMlo-coordha- 
tion stemming from Mobgy. The eazyme spcciafist 
will'enjoy the disea^ns of r^siratoty catalysts, and, 
as aigg»t«i,by;the' authors, wil' amsult the recent 
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papers by Britton Cbance for the latest word on cata¬ 
lase and peroxidase. 

The bibliography, comprising pages 655 through 726, 
contains some 3200 citations. 



Pathologie des Kohlehydratstofewiechsels. 

By E. Frank Benm Schwahe & Company^ Basel; 

Grime & Slratton, New York. Ft. 24.-. 342 pp. -1- 

7 plates; text ill. 1949. 

This is a comprehensive and well arranged book, in¬ 
tended primarily for the diabetic patient. It has suc¬ 
cessfully brought together the theoretical aspects of 
diabetes and its clinical applications, with emphasis on 
the latter. The causes, symptoms, and treatment of 
the disease are discussed. A great deal of attention 
is devoted to food selection and diet, as well as to the 
function and use of insulin. The facts are presented in 
historical perspective, the discussions being based on 
the experimental data of various investigators in the 
field. On the whole, the subject is treated in a scholarly 
manner. 

In spite of the conscious attempt on the part of the 
author to make his subject comprehensible to the lay¬ 
man by its simplicity, the abundant use of highly 
technical formulae and medical terminology makes it 
doubtful whether the patient can derive much benefit 
from the book. For this reason the reviewer is of the 
opinion that this work is more suitable as a physician’s 
manual. 

W. Z. Hassid 



MICROBIOLOGY 

Jordan-Burrows Textbook of Bactesiology. Fif¬ 
teenth Edition. 

By William Bwrows; with the coUahoration of Francis 
Byron Gordon, Richard Jamier Porter and James Wil¬ 
liam Moulder. B. Saunders Company, Philadel¬ 
phia mtd London. $9,00. xx 4- 981 pp. -f 4 charts; 
text ill. 1949. 

The successive editions of this' well-known book have 
provided a changing picture of the science of bacteri¬ 
ology for over 40 years. The current edition main¬ 
tains the excellence and up-to-dateness of its prede¬ 
cessors. While a large portion of the volume is devoted 
to the classification, pathogenicity, etc., of the various 
forms, the inclusion of recent work on the genetics, 
cytology, physiology, and nutrition of bacteria and bac¬ 
teriophages serves to draw the subject matter into closer 
relationship with similar studies on higher organisms. 
The chapter on bacterial variation, however, do'Cs not 
receive the attention which it deserves. Many of the 
important papers dealing with this topic axe not cited, 


and the significance of the techniques of bacterial ge¬ 
netics, as they apply to physiolog}^ and variation, is 
largely passed over. Except for this, the volume gives 
its rather large subject a well balanced and comprehen¬ 
sive treatment. 

C. P. Swanson 



HEALTH AND DISEASE 

Peace or Pestilence. Biological Warfare and How 

to Avoid It. 

By Theodor Rosebury. Whittlesey Mouse, McGraw- 

Hill Book Company, New York, Toronto and London. 

$2.75. viii + 218 pp.; iU. 1949. 

Peace or Pestilence is a clear and easy-reading appraisal 
of biological -warfare (BW) which admirably succeeds 
in its prime purpose of stimulating and informing the 
general reader. The contents are di-vided roughly into 
three parts. The first portion, which presents a survey 
of bacteriology and its place in society, provides the 
background of scientific information necessary for the 
layman’s understanding of the subject matter of BW 
treated in the succeeding chapters. Finally there are 
chapters devoted to discussions of the political and 
ethical problems raised by this potential weapon for 
mass destruction. 

The manner of presenting the technical and scientific 
data is skiilfuL The reader is not surfeited with fact 
and detail, but rather is fed an economical modicum 
of scientific information that sustains his interest, while 
logically supplymg the factual basis for understanding 
each succeeding phase of the problems discussed. The 
reviewer caught only a few, and these unimportant, 
errors of fact and misspellings. For example, the molec¬ 
ular weight of botulinai toxia quoted is too low, and 
the "Waring Uendor is spelled Mender. 

The style of writing is light but not superficial, and 
can serve as a good example of popular science writing 
by the scientist. It suffers only from the author’s oc¬ 
casional inability to resist the temptation to turn a neat 
phrase. These slips result in a sacrifice of strict histor¬ 
ical accuracy, or let an ineffective prejudice intrude 
into an otherwise worthy argument. They also offend 
the more well-informed and sensitive reader as examples 
of ‘ffjeing talked down to.’l Thus in emphasizing the 
enormity of present day warfare that does not limit 
the slaughter to the warrior, the author remarks ^How 
old-fashioned the ancients were!” (p. 179). But this 
^ves our ancestors too much credit. I am sure that 
the sacking of cities and indiscriminate slaughter of 
civil populations were acceptable military polcy in an¬ 
cient as well as recent times. In this regard our fore¬ 
fathers have set us no good example. Then the “aver¬ 
age” congressman is disparaged in a way that cannot 
win that “average” congressman to the author’s point 
of view (p. 146). In a book attempting an objective 
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study of a serious social problem, while maintaining a 
definite point of \fiew, a slip of this sort is particu¬ 
larly unfortunate. Certainly a task the author has set 
himself is to convince the ^%verage” congressman and 
those citizens of similar attitudes of the reasonableness 
and logic of the hookas theses. This cannot be done 
by publicly announcing mistrust of the “average” con¬ 
gressman’s intellectual capacity. As another example 
we note (p. 173) the author’s reminder to the reader 
that the temperature of the blood of scientists is the 
same as that of other humans. 

The subject of BW deserves the serious attention of 
all persons. International bodies concerned with main¬ 
taining the peace are duty bound to give the subject 
consideration. This book, as the lone recent and 
available discussion of BW, deserves reading by a wide 
public of both la^^nnen and scientists. It has a genuine 
contribution to make to the understanding and thinking 
of any person with the least sense of social responsibil¬ 
ity. One would, therefore, hope for widespread sale 
and discussion of the book. 

The endorsement does not mean that the revierrer 
would agree with the author in all respects on matters 
of judgment and opinion. In a democracy any well- 
written and honest book on a subject of great social 
import, which promises to increase the public interest 
and knowledge, deserves the support of the critic. 

And so now a few wmrds of criticism. The practical 
difficulties of making BW an offensive weapon are not 
neglected by the author, but he feels confident that 
these difficulties wdii 3 field to science and ingenuity 
(p. 116), and so justifies his \fieW' that BW^ presents 
society with the choice of peace or pestilence. But in 
so rationalizing the title of the book the author has 
not consistently applied his logic. The potential de¬ 
structiveness of BW can only be realized practically if 
defenses against it lag far behind. Logically, one can 
also appeal to science and ingenuity to overcome the 
practical difficulties of defense against BW. The 
author is inconsistent and weakens his cause by stating: 

.. defense against BW as a whole is pitiably w^eak, 
so weak that some of us, civilian or military, cannot 
find much comfort in its prospect.” (p. 135). 

The question of the potential offensive value of BW 
is important, because one must ’weigh its destructive¬ 
ness relative to atomic warfare. Should we press for 
agreement among the nations not to use atomic wea¬ 
pons when the BW weapons remain uncontrolled? 
Can the nations afford not to agree on control of atomic 
fission until agreement on BW weapons is possible? Is 
the relative threat to humanity by atomic warfare 
greater than BW?, Peace mid Pestilence gives each 
type of weapon the same value. There is room for 
serious disagreement with this point of view. It is not 
entirely a matter, as suggested by the author,, of the 
physicists being more afraid of the bacteria and the 
biologists more afraid of the atom. The principles of 
specific defense against 'BW are available from the 


sciences of immunology" and epidemiology*. There is 
no specific defense against the exploded atomic or H 
bomb. The nature of the long-term biological effect 
of using these diverse weapons on large populations is 
sufficiently different to give the biologist’s fear of 
atomic fission the greater weight. If the nations do not 
in our generation agree to abandon vrarfare as an in¬ 
strument of national policy, as a generation -we will 
suffer the consequences of our folly, irrespective of the 
nature of the weapons used. But if atomic w’eapons 
are used the sins of the fathers may in unexpected and 
genetic ways be visited for untold generations on our 
progeny. As an optimist, I am hopeful that even 
though our generation fails to maintain the peace, some 
future generation will succeed. Let us endow* this gen¬ 
eration with the knowledge of our folly, and inevitably 
some of our debts, but let us leave it free to procreate 
at a handicap no greater than the natural spontaneous 
mutation rate. 

It is a measure of the pace of recent events that 
this book, published less than a year ago, might be 
somewhat differently phrased if it were ’W’rittea today. 
To the statement of “ ... the fiourishing state of sci¬ 
ence in the Soviet Union” (p. 132) might be added 
“except for the science of genetics.” This is no super¬ 
ficial change. One w"onders if the agreement among 
the nations on the control of atomic fission would not 
come to pass, or be speeded up, if the leaders of the 
Soviet Union w"ere a little more convinced of the real¬ 
ity of the findings of genetic science. The develop¬ 
ment of the H bomb w'ould possibly have modified the 
author’s equation of the dangers of BW and atomic 
warfare. Then certainly there ’?\'ould have been con¬ 
sidered a discussion of the meaning of the Soviet Un¬ 
ion’s recent unilateral moves to make propaganda 
capital out of Japanese BW efforts. 

Casl Lamaxna 



Pink Pills for Pale People. 

By F. William Satd. Dorrance Sc Company^ Phila¬ 
delphia. $2.50. 204 pp.; ill. 1949. 

Some years ago a reviewer in these columns pointed 
out -what, a valuable contribution to folk lore a history 
of quack medicine' would be. It would also be quite 
exciting reading. The work here under discussion is 
no history of quackerjq but it is so surcharged with 
historical material that no one who is eventually to 
undertake such a work can afford to overlcwk it. The 
author makes it quite clear that there are two types of 
quack medicine. First, there is that large body of 
superstitious belief which has slowly accrued through 
thC' centuries and which has invested 'with specific me- 
didnai powers almost eveiy object which can 'conceiv¬ 
ably be ingested., This type' of quackery is interesting 
because it has, not been perpetrated 'as a deliberate 
fraud—there is no pecuniary advantage to be gained 
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by tbe propagation of tlie belief that cabbage is a spe¬ 
cific for cancer of the breast, or that wax from the ears 
is good against whitlows, v/hatever those may be. The 
reviewer recalls the suggestion made by an elderly 
female relative when he was sufiering from typhoid 
fever, that he should bind to the sole of each foot half 
of a freshty killed pigeon. No, this body of belief is 
the product of honest but ignorant persons who have 
imagined themselves cured of various diseases (which 
they may never have had) by the application of these 
bizarre medications, and perhaps some of the claims on 
behalf of them are not without foundation. For in¬ 
stance, it seems quite reasonable that an infusion of 
toe-nails taken internally might be an efficient emetic, 
especially if the patient is aware of what is being 
administered. 

A few centuries ago this sort of quackery was indis¬ 
tinguishable from orthodox medicine. The works of 
Galen are a peculiar mixture of legitimate medicine 
and quackery, and the Badianus Manuscript, a legiti¬ 
mate medical work, reads strangely like The Long 
Lost Frkfui.j which is probably the most famous com¬ 
pendium of quackerj" in histoi}' and even today circu¬ 
lates widely in the more backward areas of the nation. 
Strangely enough, the author has completely ignored 
this classic, though he might have derived much aid 
and comfort from it. 

The other t}pe of quack medicine is that resorted 
to by unscrupulous exploiters of the inborn desire of 
Homo sapiens to take medicine, a desire which, accord¬ 
ing to Osier, is the most important difference bet’ween 
man and the other animals. Among these quacks the 
author mentions by name EHsha Perkins, S. R. Chamle 3 % 
Gerald Macaura, and many others wffiose names are 
nowr forgotten and who profited from the gullibiiitjr of 
those wffio have contracted ihe sort of diseases not com¬ 
monly talked about in public, or %Yho have exposed 
themselves to infection yet are not sure that they are 
infected. This t\-pe of quackery is ancient. The au¬ 
thor is able to quote an historical record from the 
fourth pre-Christian ceniurvv 

On the cover of this volume are facsimiles of the 
advertising of Lydia E, Pinkham^s Vegetable Com¬ 
pound, Piso'^s Cure for Consumption, and various other 
^^cures’^' for goiter, obesity, failing eyesight, and con¬ 
stipation. These advertisements bring back vivid 
memories of the days when song books and almanacs 
published by Ayer, or hy Hostetler, could be obtained 
free every January? from the country drugstore. On the 
title page of each almanac was the figure of a man whose 
anatomical structures were in some mysterious way cor¬ 
related with the signs of the zodiac, and whose lower 
abdomeO' had been surgically operated on to reveal cer¬ 
tain structures that would not otherwise have been in 
evidence. It so happened that in those days a cer- 
, tw popular manufacturer of boys* clothing designed a 
'-pair of tfou«s that unbuttoned in the same pattern 
ol the,, abdomen of the man in the almanac, and 


just as children of today adopt the speech of Amos and 
Andy and the mannerisms of Howdy Doody and Pop- 
eye the Sailor Man, just so did those of an earlier gen¬ 
eration go around with their pants unbuttoned to re¬ 
semble the figure in the almanac. Fortunately the 
reviewer was never caught at it. 

The author supplies ample proof that other things 
besides medicine are subject to quackery. For in¬ 
stance, he quotes many literary effusions of a pseudo- 
poetical nature, all of which are bad and most of which 
are terrible. These could ver>’ appropriately be called 
quack poetr>'. Similarly the numerous drawings incor¬ 
porated in the book illustrate what might weE be de¬ 
signated as quack humor. And finally, even quackery 
itself may be quacked. The numerous details which 
the author gives us to show how the art of dentistry 
and other surgical arts have been practiced in the 
past are quite authentic. Such practices cannot be 
considered genuine qiiackerv’; they are only quack 
quackery. 

Joshua L. Baily, Jr. 



Hospital Trends and Developments, 1940-1946. 
Edited by Arthur C. Backmeyer and Gerhard E&tman. 
The CommonumUh Fund, Nett^ York; Geo^ffrey Cum- 
berlege, Oxford University Press, London. $5,50. 
xiv -f 819 pp.; ill. 1948. 

The increasing complexity of the hospitals organization 
and tlie broadening scope of its functions make it prac¬ 
tically impossible for the busy administrator to keep 
abreast of the literature pertaining to his field, partic¬ 
ularly w'hen it is realized that articles of interest to 
him appear in a wide variety of journals relating to 
hospital care, medicine, public health, business organi¬ 
zation and management, law-q sociology, psycho!og>q 
and many additional related fields. Thus, in order to 
provide the hospital administrator, or the student of 
hospital administration with a fairly complete and ac¬ 
cessible reference to the pertinent literature on the 
subject, the editors have co,mbed a wide variety of 
journals, and have selected and reprinted here some 
150 papers covering the most important aspects of hos¬ 
pital trends and developments for the period 1940-1946. 
The papers have been edited only very? modestly, re¬ 
sulting in minor losses of certain illustrative materials 
where considemtions of space made it necessary^ The 
papers have been arranged in chapters relating to such 
specific topics as Hospital Service, Medical Staff Or¬ 
ganization and Relationships, Hospital Organization 
and Management, Outpatient Department, Nursing 
Education and Nursing Service, Medical' Sodai Serv-' 
ice, Medical Records, Hospital Construction, Food 
Service, Public ^ Relations, and Group Hospital and^ 
Health Insurance. In addition to" such bibliographic 
footnotes as are included in the individual papers,' the 
editors have,listed at the end of each'chsq>ter a series.., 
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of references for further reading on the topic under 
consideration. 

Although there is no index of subjects or authors, 
the detailed table of contents serves adequately for 
reference to the volume. The work will undoubtedly 
prove itself to be as valuable as its companion piece, 
TheBospiial in Modem Society, which appeared in 1943. 

B. Aubrey Schneider 



Mediqne for Moderns. The Nerd) Science of Fsycko- 
sonmilc Medicine. 

By Frank G. Slaughter. J'ulmz Messner, Nerjo York. 

§3.50. X -h 246 pp. 1947. 

This is no textbook in psychosomatic medicine but a 
rather successful ‘^attempt to present to the lay reader 
in, nontechnical language a survey of this, the newest, 
most fascinating held of medical science.” The au- 
thor^s point of view has developed through many years 
of surgical practice and was strongly infiuenced ini¬ 
tially by Adolf Meyer, whose student Slaughter was, 
and later especially by the work of Franz Alexander 
and H. Flanders Dunbar. 

Slaughter covers an extensive range of psychosomatic 
topics beguilingly headed: Medicine For Modems; 
Understanding Your Autonomies; The Anatomy Of 
Fear; Forming The Personality; The Case Of The 
Blushing Stomach; The Discontented Colon; Doctor— 
My Heart!; Hostility And H\’pert€nsion; Harnessing 
The Blood Stream; Coronary Thrombosis—The Price 
Of Success; Diabetes And Dementia Praecox; Asthma 
—Allergy And Emotion; Some Call It Migraine; My 
Love Is Rosy Red; Emotions And The Endocrines; 
Fibrositis—The Fashionable Backache; Woman! The 
Enigma Explained; The Reluctant Lover; Accidents 
Donh Happen By Accident; Psyciiometry—Testing 
For Type; Psychotherapy—Treating Diseased Emo¬ 
tions; Newer Methods Of Treatment; Is This Opera¬ 
tion Necessary?; Destiny and Disease; Revolution In 
Medicine; For Parents Only. 

The author’s style is in keeping with the appeal of 
chapter headings and is enlivened with an abundance 
of case' histories neatly focused for telling effect. 
Nevertheless, readability has'been achieved at the ex¬ 
pense neither of authenticity nor accuracy. The evi¬ 
dence Tvhich the author brings to the reader is cogent 
and convincing. Ps 3 mhological medicine cannot—but 
further should not—^be the exclusive province of the 
psychiatrist. Slaughter’s case against ^‘medicine” 
which considers onl}^ the disease and not the'patient is 
ill' itself a pO'Sitive contribution to the lajman’s medical 
thinking. This book will certainly contribute to a more 
widespread and a more mform'ed popular understand¬ 
ing 'and appreciati'On of 'the dynamic interrelations be¬ 
tween ph5i"rimL health and psychological well-being. 

Joseph C'Frahklih 


PsYCHOSOiiATic MEDICINE. The Clmkal Applka-tmi 
of Psychopathology To General Medical Problems. Sec¬ 
ond Edition. 

By Edward and 0. Spurgeon Euglisk. Bk B. 

Saunders Cmnpany, Philcielphia mid London. §9.50. 

XXX -4- S03 pp.; ill. 1949. 

This edition is essentially the same as the nrst, except 
for minor changes in arrangement and the incorpora¬ 
tion of some new material, particularly a chapter on 
psychosomatic diagnosis. The first edition has been 
reviewed by one who is apparently friendly disposed to 
the general subject and ideas covered in tMs text. 
(Q. R. B., 19: 72. 1944). Since the present re\dewer is 
not so inclined, potential customers are referred to 
that earlier review. 

It is clearly evident, even to the casual reader of the 
histor\’ of medicine, that the faith in the psychic origin 
of disease is too deep rooted to be easily changed. Few 
will deny the fact that psychological factors are of im¬ 
portance in the mamgement of the sick, for it is well 
known that such factors a'ffect the beha\dor and capac¬ 
ities of mdividuals during the course of any illness. 
It also is reasonable to assume that in cases where there 
is a predisposition to certain organic lesions, permanent 
structural alterations or functional impairment may be 
precipitated by an emotional crisis. Tliis last is to be 
qualified by defining “predisposition” as an actual, 
though in some instances, not easily detectable, physi¬ 
cal defect. How’ever, a critical examination of the re¬ 
sults of studies to date do not justify the conclusion 
that psychological or ps}ThopathoIogicai factors are of 
direct importance in the etiology of somatic disabilities. 
The available evidence offered in support of the .formula 
that “psychological disturbance —+ functional impair¬ 
ment cellular disease —> structural alteration” is 
anything but convincing. 

To be sure, the authors of this treatise repeatedly 
make statements that appear, to indicate a qualified 
acceptance of the above formula. For instance, in 
their introduction we read: “It seems probable that 
future investigations wall permit us' to say that it is 
possible for a psychological disturbance to antedate the 
functional alteration,” (pp. 4-”5) and in evaluating the 
emotional factor in the etiology of or^nic heart dis¬ 
ease, they emphasize: “Tfe m^e disaomy of unpkmmi 
circumstances in the life situatim of m indmMuai is m 
indication of emotmm! complkatims and sUB less of the 
psychogmie origin of the difficidtyP (p. 275). This is a 
very reasonable observation: And, again we rad, in 
their discussion of the possible role of psychogmie fac¬ 
tors in causing essential hypertension: Phase io moi 
understand^ however^ that we are mmniammg IW ps'ycko- 
logical factors are the only ones of ^porknee kyp&-' 
tension or tkd they' wefmdammiaMf mponsiMe, 
What we are urging, rather, is that they are a set of 
. .factors that are important to .tb'C, pafei®t with, hyper- 
tenrion and that their modification./oftm results, in 
.benefit tO' the .ptrient' re^dless of,.whether the blood 
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pressure figures are lowered or not.” (p. 341). This is 
not considered unsound medical practice, for appar¬ 
ently very few find fault with therapeutic procedures 
that, although not curing hypertension, at least leave 
the patient in a pleasant frame of mind. 

In criticizing the suggestions of Tnieta and his co- 
workers (‘hhat the principal etiological factors respon¬ 
sible for h\y)ertension will be found in the central 
nervous system even in the human mind itself”), Weiss 
and English write: “We doubt that a complete under¬ 
standing of essential li}pertensioii lies within the prov¬ 
ince of psychological medicine...” (p. 305). How¬ 
ever, they continue in the same sentence . but we 
share with the authors of this remarkable work the 
enthusiasm for a unique approach ...” 

There are many more such sentences, all of which if 
taken at face value would indicate a reserved or quali¬ 
fied acceptance of many of the doctrines adhered to by 
the psychosomatic enthusiasts of today. But, standing 
in contradiction to these statements there are just as 
many that support such doctrines. For example, in 
the section dealing with the psyche and hypertension, 
and directly after their criticism of Trueta’s theories 
given above, they state: “Therefore, it may be said 
that in spite of the organic nature of experimental 
hypertension, the psyche is not absolved as a factor in 
the etiology of hypertension in man. It is conceiv¬ 
able that a disturbance in the circulatory function of 
the kidneys could have its origin in impulses of central 
nervous origin.” (p. 305). The subject discussed in 
this section and in the sentences immediately preceding 
this statement leave little doubt but that by “central 
nervous origin” they mean psychological factors. 

Finally, their discussion of the etiolog>^ of peptic ulcer 
is most revealing. Starting with the statement that 
“The term psychosomatic can be used without hesita¬ 
tion in connection with peptic ulcer because today even 
the most organicall}^ minded ph 3 ''sician recognizes the 
importance of ‘emotional factors’ in ulcer cases” 
(p. 433)—they develop the theme with the words: 
“ ... We are confronted with imposing evidence that 
psychic factors are of the greatest importance as a 
cause of peptic ulcer ...” There are other examples 
of such about faces, but the foregoing ivili serve for the 
purpose of this review. 

Now, what makes up the “imposing evidence” that 
supports the premise that psychic or personality fac¬ 
tors are of “greatest importance” in the etiology of 
peptic ulcer or, for that matter, any other organic 
disease or permanent structural alteration? It appears 
that the available evidence offered in support of such 
views is'Obtained from the psychiatric examination of 
a few small groups of individuals suffering from certain 
organic dysfunctions. ' From these findings the authors 
of such studies usually conclude that a high correlation 
exists, between psychological or psychopathologica! fac¬ 
tors and the disease in question. In' examining the 
r^lts of such studio and considering the contention 


that there is a specific etiological relationship between 
psjmhic factors and permanent structural alterations, it 
Is necessar}' to bear in mind that what has been only 
factually estabKshed is that among a small portion of 
indi\riduals suffering from an organic disturbance 
some neurotic individuals can be found. A relevant 
but unansw'ered question is whether such neurotic 
trends are absent or occur less frequently in those who 
do not suffer from the disability. Also, there is no in¬ 
formation offered as to the incidence of the disease 
under study among the distinctly neurotic members of 
the general population. 

Another argument w’hich has very often been ad¬ 
vanced by psychosomatically inclined investigators is 
based on the w^eil-knowTi observations that certain nor¬ 
mal psjxhic manifestations, such as fear and rage, are 
capable of producing transitory alterations in the func¬ 
tioning of certain autonomicaliy supplied systems. A 
priori, it would seem reasonable to assume that if emo¬ 
tional factors are capable of producing a transitory 
elevation of blood pressure, surely they must be of im¬ 
portance in producing the permanent pathological con¬ 
dition. The weakness of this argument is that there is 
no sound evidence to show that such transitory re¬ 
sponses to normal emotional disturbances, even when 
repeated quite frequently, will produce permanent 
changes or alterations in function of a healthy organ. 

In ancient Babjionia there was a group of priestly 
doctors w^ho occupied a high position in the state. 
They were primarily concerned with internal, mental, 
and nervous diseases, and it seems that a popular 
specialty among them was that of foretelling events 
by the appearance of the liver. For this reason, and 
because the\^ believed that all the emotions, as well as 
the ills of the body, could be ascribed to that organ, 
thej’- were known as “Hepatoscopists.” The philos¬ 
ophy underlying the procedures of those ancient Chal¬ 
dean priest doctors w^as probably inherited from the 
early Sumerians or possibly from a still more primitive 
group. Regardless of its ultimate origin, the idea has 
survived through the ages and can also be observed in 
practice today in the methods of the Siberian shaman 
and the x\frican witch doctor, whose dogma, interest¬ 
ingly enough, is that “in all cases of disease in which 
no blood is showing the patient is suffering from some¬ 
thing wrong in the mind.” The general idea can also 
be found in the procedures of the Iroquois medicine 
man, who based much of his treatment on the principle 
that every illness is a “desire of the mind.” It is 
tempting to suggest that present day practitioner of 
that ancient art be called “psychoscopists.” This 
would differentiate them from those psychiatrists who 
confine their studies to diseased or ailing minds. In 
this nw category, I am sure, a place might also be 
found for the psychoanalysts. I hasten to explain that 
the suggestion of this new terminology does not infer 
any close similarity between, the procedures of the im- 
dvilked Siberian shaman or Iroquois medidne man on 
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the one hand, and those of the highly cultured and 
expensively educated modem practitioners of the an¬ 
cient art on the other, for it is well known that the 
shaman uses a dmm and the Indian medicine man a 
magic rattle. 

D.otd B. Tyler 



Heart. A Physiological and Clinical Study of Cardio¬ 
vascular Diseases. 

By Aldo A. Luisada; with a foreword by Herrman L. 

Blimgart. The Williams Sc Wilkins Company^ Bal¬ 
timore. $10.00. xii -f 654 pp. + 1 chart; test ill. 

1948. 

Several of the best known textbooks on cardiology 
{Diseases of the Heart by Sir Thomas Le-wis and Clini¬ 
cal Heart Disease by Samuel A. Levine) are notable for 
the personal biases and interests of the authors. Lui- 
sada*s new book is an even more personal presentation. 
He brings to bear on the subject not only his many 
years of work on graphic registration, pharmacoIog 5 .% 
cardiac drugs, and numerous studies of pathological 
mechanisms, but also much European thought not 
otherwise readily available in this country. This makes 
the reading of the book something of an adventure. 

The introductory section includes chapters on de¬ 
velopment and structure, on physiology, and on techni¬ 
cal study of the cardiovascular system. The anatomy 
is classical and is presented with a rather heavy hand. 
Controversial material, such as the work of Glomset 
who decries the presently accepted anatomy of the 
conduction system, is avoided. The chapter on physi¬ 
ology embraces many unusual concepts, the most note¬ 
worthy being the origin of the dichrotic wave of the 
pulse in the active contraction of the peripheral arter¬ 
ies in response to sj^-stolic distention. A large portion 
of the technical study is devoted to phonocardiography 
and other rather unfamiliar graphic re^stration tech¬ 
niques. Electrocardiography is described in a rather 
perfunctory fashion with, for example, only mention 
in a footnote of the valuable unipolar Hmb leads. The 
choice of material in this section at once recommends 
the book very highly to a small number of persons 
interested in the pulse wave and similar phenomena 
and confuses the average reader. The mention of many 
of the newer techniques, including electrok 3 maography 
and cardiac catheterization will, however, interest 
many. Unfortunately, the extensive chapter bibliogra- 
pMes are without titles and are not arranged by sub¬ 
ject, hence are useful only in close conjunction with the 
text. 

The bulk of Heart is clinical and covers examination 
of the patient, modes of origin of cardiovascular dis¬ 
ease, pathological mechanisms such as those of cardiac 
failure and pulmonary edema, and an anatomical ar¬ 
rangement of disease states. Material is presented with 
relatively little discussion and a notable tendency to 


dogmatism.^,The text is clear and straightforward, 
with well chosen illustrations, and should appeal to 
practitioners. It contains, in addition, enough unusual 
material and strongly voiced personal ideas to be both 
enjoyable and stimulating. 

E. Converse Peirce, 2nd 



Lectures on The Livier and its Biseases. Com ¬ 
prising the Lowell Lectures Delivered at Bosiony Mas¬ 
sachusetts, in March 1947. 

By H. P. Himsw&rth. Harvard University Press, 

Cambridge. $5.00. xiv 4- 204 pp. -|" 1 plate; text 

m. 1948. 

Diseases of the liver are a challenge to the clinician 
since that organ possesses such a reserve of function 
that damage is usualy far along before cHnir.a l signs of 
impairment become evident. Furthermore, the relation 
of deranged function of the liver to a particular lesion 
is difficult, as similar symptoms may result either from 
gross alterations in structure or from lesions so subtle 
that they do not produce any apparent structural altera¬ 
tions. Nevertheless, if the initial lesion can be recog¬ 
nized, therapeutic measures may be instituted at early 
stages with better chances of obtaining effective results. 
In this monograph, based on a series of lectures de¬ 
livered at the Lowell Institute in 1947, Himsworth 
has arranged his subject matter in groups and sequences 
so as to correspond fairly definitely to the pathological 
sequences observed both in man and experimental 
animals. By so relating one pathological form with 
another, the possibility of recognizing the initial lesion 
of each category is enhanced. 

In grouping and cataloguing the available knowledge 
of liver diseases, Himsworth has revealed the large gaps 
in our knowledge. The book is divided into 12 chap¬ 
ters and covers the following principal subjects: The 
Types of Liver Injury and their Structural Conse¬ 
quences; The Vascular Factor in Liver Injury; Nutri¬ 
tional Factors in Liver Injury: Experimental; Nutri¬ 
tional Factors in Liver Injury: Human; Noxious Factors 
Causing Liver Injury; The Sjmdxomes of Hepatic 
Failure; The Clinical Classification of Liver Disease; 
Infiltrations of the Liver and Fost-Infiltrative Fibrosis; 
Parenchymatous Hepatitis'; Cholangio-Hepatitis, Ob¬ 
struction to the Bile Ducts, and Biliary Diffuse Hepatic 
Fibrosis; Circulatory Disorders; Focal Lesions; and 
Cancer of the Liver, This authoritative book is well 
written and undoubtedly will stimttlate further experi¬ 
mental studies on problems of great clinical and physio¬ 
logical interest, 

David' B, Tyler 



Public Health and Hygiene: A Stuimis^- Mmmi» 
Fowth EdMon, 
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By Charles Frederick Boldumi and Nils Williani 
Bolduan. W. B. Saunders Company^ Philadelphia 
and London. §4.25. x 4- 423 pp.; ill. 1949. 

The fourth edition of this standard textbook follows 
much the same pattern of organization and presentation 
as the earlier editions, witli such necessary revisions 
and additions as were necessary to cover recent scien¬ 
tific advances, particularly in the fields of antibiotics, 
insecticides, herbicides, and radioactivity. 

The text is divided into five parts, dealing respec¬ 
tively with: (1) general considerations of public health; 
(2) the more important communicable diseases; (3) 
the more important non-communicable and chronic dis¬ 
eases and conditions; (4) community hygiene; and (5) 
public health administration. Among the general prin¬ 
ciples of public health considered in Part I are such 
topics as the historical development of the public health 
movement, the transmission of communicable diseases, 
the life histories of certain insects directly related to 
health problems, the principles of nutrition in health 
and disease, and the socio-economic factors in public 
health. The section on communicable diseases is con¬ 
cerned with the causative organisms, the modes of in¬ 
fection and spread, as well as control measures relative 
to many conditions including tuberculosis, pneumonia, 
influenza, diphtheria, scarlet fever, typhoid, typhus, 
malaria, yellow fever, dysentery, and the venereal dis¬ 
eases. Such non-communicable and chronic diseases 
as diabetes, heart disease, and cancer are discussed 
in relation to our aging population in Section III. 
Sections IV and V present a description of the admin¬ 
istrative set-up for public health activities on federal, 
state, and local levels, and some of the basic problems 
which arc dealt with by such facilities, e. g., sewage dis¬ 
posal, water and food supply and inspection, industrial 
hygiene, school health, public health nursing, and health 
education. The volume is well adapted for a senior 
high school or junior college course in hygiene. It is 
well illustrated and documented, and carries indices of 
siibjects and authors. 

B. Aubrey Schneider 



Language AND Language Disturbances. A phasic 
Symptom Complexes and Their Significance for Medicine 
and Theory of Language. 

By Kurt Goldstein. Grune & Stratton, Nm York. 

18.75. xii 4- 374 pp.; ill 1948. 

Over a period of almost 45 years, Goldstein has thought 
and written much about various aspects of the diagno¬ 
sis and treatment of aphasia. This book represents a 
synthesis of Ms work and Ms ideas. Goldstein’s ex¬ 
pressed purpose is twofold: (1) to develop a theory of 
:|^nguage disturbances that is broad enough to account 
m'detail lor',^known symptom-complexes; and (2). to 


outline diagnostic and therapeutic procedures that are 
consonant with this theory and useful in prognosis and 
retraining. 

Part I is concerned with a study of the origin of 
aphasic conditons. Four categories are adduced: (1) 
symptoms representing defects of performance (Jack¬ 
son’s ^Megative symptoms”), which Goldstein calls 
direct; (2) symptoms caused by the separation of an 
undamaged area from a damaged area (Jackson’s '‘posi- 
tive symptoms”), wMch Goldstein calls indirect; (3) 
sjmiptoms v4ich are effects of the damaged area upon 
the rest of the nervous system, called secondary; and 
(4) symptoms which reflect the operation of mechanisms 
to protect the personality from catastrophe. Within 
the framework of these categories, Goldstein postulates 
an '‘organisiTsic approach to aphasia,” that is, “the 
trend of the organism to actualize itself, its Mature,’ 
its capacities, as -well as possible.” Accordingly, “it 
follows that every individual speech-performance is 
understandable only from the aspect of its relation to 
the function of the total organism in its endeavor to 
realize itself as much as possible in the given situation.” 
Herewith, the nature and extent of the indirect, the 
secondary, and the protective symptoms carry impor¬ 
tance in detailed diagnosis and, more particularly, in 
spontaneous restitution and in retraining. Goldstein 
outlines the essential differentiation between the or- 
ganismic and the more classical approach (labeled 
“atomistic”), which is keyed to anatomic-physiologic 
concepts of integrated cortical centers, in a tightly ar¬ 
gued discussion of verbal imagery, the differences be¬ 
tween concrete and abstract language, and the locali¬ 
zation of language and language disturbances. His 
arguments are supported by analyses from the fields 
of semantics, psychology, and linguistics. His find¬ 
ings are specified in a survey of a wide variety of lan¬ 
guage disturbances in pathology. 

Part II presents a series of detailed case-reports 
(including diagnostic tests and their interpretations), 
analyses of expressive, receptive, central, amnesic, and 
transcortical aphasias, and a brief section on treatment. 
In general, Goldstein’s nomenclature is conservative 
and eclectic, and is designed to emphasize the need for 
comparison and correlation among symptom-complexes. 

TMs is a difficult book, but a stimulating one, pro¬ 
vocative of thought and argument in a field wherein 
much has been written, wherein theory is widely diver¬ 
gent, wherein clinical practice is often sketchy, and 
wherein much detail is as yet imdemonstrated and un- 
demonstrable. Goldstein is well aware of many of the 
^ortcomings of an attempt to bring about a marriage 
between the empiric and the theoretic in the field of 
language disturbances. He writes with forbearance 
from a wealth of clinical experience and creative con¬ 
struction, and with a focus on the premise that the 
brain both affects and is affected by its substrata, 
in whole and, in part. The, study of language in all 
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its aspects is a tremendous activity in these days, and 
to this study Goldstein has made a real contribution. 

WlLLIilM G. HaKDY 



Twentieth Century Speech and Voice Correction* 
Edited by Emil Froeschels. Philosophical Library, 
Nero) York. $6.00. x + 321 pp.; ill. 1948, 

The declared purpose of this book is to present “to 
persons scientifically and/or practically interested in 
speech and voice correction the latest developments 
in this field.” Both design and execution fall short of 
-that goal. Together with his own various and exten¬ 
sive contributions, the editor has called upon 18 col¬ 
leagues to express themselves. This they have done 
within no clear framework, and with a startling and 
frequently disconcerting array of styles and perspec¬ 
tives. The essayists follow their individual bents 
through the intricacies of theoretical construction, diag¬ 
nostic practice, and therapeutic procedures related to 
language disorders, auditory disorders, and a smatter¬ 
ing of vocal training and reading disability. Some 
undertake to teach, others to outline clinical procedures, 
others to analyze theory and practice by case-presen¬ 
tation, and still others to argue the merits of particular 
attitudes and practices. The general effect is a spot¬ 
tiness that is not redeemed by some excellent essays. 
There is no orderly progression through a complex 
field that is itself a synthesis of several clinical and 
research fields. Because of the variety of subject mat¬ 
ter and points of view, this book should prove most 
useful to the specialist who already knows his way in 
speech correction; for the newcomer or the casual in¬ 
quirer, it provides neither analysis nor synthesis and 
would be quite misleading as a picture of speech and 
voice correction today. 

William G. Hardy 



PSYCHOLOGY AND ANIMAL BEHAVIOR 

My Monkey Friends. Second Edition. 

By Mrs. Charles E. B. Russell. Adam & Charles 
Black, London. 7s. fid, 127 plates + 19 plates. 
1948. 

The author of this small, popular book was for several 
years a volunteer helper at Albert Schweitzer’s hospital 
in Equatorial Africa and has traveled extensively in 
many parts of the world. She writes entertainingly 
of her trips, and especially about the many infant 
monkeys and apes which she has at times adopted with 
tender care and which often accompanied her in her 
traveling. Judging from the 31 small photographs, 
these pets have included gorillas, chimpanzees, several 
species of guenons, and a mandrill. From these pages 


it is very evident that companionship, plenty of exer¬ 
cise, and, of course, a suitable diet are essential for the 
welfare of these social and active animals and that 
given such conditions all these primates form fond and 
trusting attachments to a sympathetic human master— 
at least while they are young. The last chapter, On 
Keeping Monkeys, is written on the basis of long ex¬ 
perience and its sound advice will profit all owners of 
simian pets. 

A. H. Schultz 



Experimental Studies in Psychodynamcs. A Lab¬ 
oratory Manual. 

By Donald W. MacKinnon and Mary Ernie. Har¬ 
vard University Press, Cambridge; Geoffrey Cumher- 
lege, Oxford University Press, London. $5.00 (pa¬ 
per). X -h 177 pp. 1948. 

In this manual, MacKinnon and Henle have under¬ 
taken something that was very badly needed and ex¬ 
tremely difficult to do. They have tried to bring down 
to the level of the classroom the pioneer attempts to 
investigate problems of personality and motivation by 
means of experimental techniques. The success of the 
book is due to the experience and ingenuity of the 
authors. Its weaknesses are the result of our inade¬ 
quate knowledge of the field that they attempt to 
explore. 

The manual deals for the most part with experiments 
designed originally by Lewin and his associates. Most 
of these experiments are classical, in the sense that 
they led to new information and to new areas of in¬ 
vestigation and are now known as mileposts in the 
development of personality theory. Still, these experi¬ 
ments are so enmeshed in clinical techniques that it is 
difficult to be sure where experimental control begins 
and where the art of the diniciaii ends. A few ex¬ 
amples will suffice. 

In the prefatory instructions to the student the 
authors have written the following: “Acting as experi¬ 
menter in these studies consists in large measure of 
playing a role. Before coming to the laboratory it is 
important that the student study Ms part so that in the 
actual experiment he can play it with ease and con¬ 
fidence.” 

On one occasion the authors have written: “The ex¬ 
perimenter begins by friendly conversation with the 
subject, in order to establish rapport with him. It is 
important that good rapport be established, since the 
experimenter must obtain maximum cooperation from 
the subject. But it is equally important that the dis¬ 
tance between the e:q)erimenter and the subject be 
maintained. Since the subject is to be led to believe 
that his intelligence is being tested, the experimenter 
must maintain the serious attitude of an jammer 
throughout the experiment.” Again: “By means of 
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preliminary friendly conversation with the subject, the 
experimenter creates a free and unrestrained experimen¬ 
tal situation.” 

The instructions in experiment after experiment are 
of this order. In many cases there is almost no assist¬ 
ance given by the authors to the potential experimenter 
in exact techniques for accomplishing what he is told 
to accomplish in the way of establishing a social situa¬ 
tion. This is a very serious weakness in the method of 
presentation. Without modification in this regard by 
the instructor who uses the manual, it is hard to see 
how these experiments could serve a very good peda¬ 
gogical purpose. On the other hand, if we assume 
that such modifications are made, this should be a very 
useful book. In any case, the authors are to be con¬ 
gratulated for having broken ground in this new area. 

William C. H. Prentice 



The Psychology op Teaching. Second Edition, 

By Asahel D. Woodrujf. Longmans, Green & Com- 
pany, New York, London and Toronto. $3.00. xiv 
+ 272 pp.; ill. 1948. 

This is a book in educational psychology, which makes 
it immediately suspect to many psychologists and to 
many educators. As the author himself points out, 
much of what is called educational psychology can be 
criticized as being too far removed from the actual 
problems of day-to-day teaching. In many instances 
college courses labeled “educational psychology” are 
only imperceptibly different from courses in general 
psychology—and instances can be reported in which 
an instnictor meets both classes in the same room at 
the same hour, using a single text and a single set of 
lecture notes. On the other hand, the experimental or 
the clinical psychologist may ask what material has 
been uncovered or synthesized that justifies this special 
category. Is it psychology or is it pap? 

It can certainly be argued that a teacher’s ability to 
guide the development of his pupils can be the better 
for having absorbed the material presented in psy¬ 
chology courses of the non-educational brand. Many 
are able to deepen their insight into personality dy¬ 
namics (their own as well as their pupils’) through 
courses in clinical psychology. The intelligent use of 
evaluative devices will be most difficult without a solid 
foundation in the theory and practice of testing and in 
the area of individual differences. The experimental 
literature in the field of learning can be a sound starting 
point for the growth of a teacher’s own practical skills 
in the classroom, and some knowledge of the physio¬ 
logical and developmental aspects of emotional behav¬ 
ior should be a helpful adjunct in understanding the 
whole pupil. Perhaps even some information concern¬ 
ing receptor and perceptual processes could be of value 
to the teacher in elementary and secondary schools. 
All this would require an undergraduate major, or even 


an advanced degree, in psychology, leaving courses in 
“professional education” to fill in a few miscellaneous 
chinks and odd hours. Perhaps boards of education, 
however, to say nothing of professional educators and 
education students themselves, might feel this to be as 
inadequate a training for teaching as would be just the 
preclinical program for physicians. Hence the effort, 
illustrated in this book, to extract just those items of 
psychology that may be clearly pertinent to the class¬ 
room, and to show how they may be applied by the 
skillful teacher. 

The only trouble is that, when so extracted, many of 
the items appear to the non-educational psychologist 
to be so far removed from clinical and experimental 
psychology as to be non-psycbology! Not that what 
is said necessarily controverts the findings of the labor¬ 
atory or the clinic. Rather, so much of it could have 
been said by any alert schoolman with a minimum of 
strictly psychological training. And as soon as the 
statements are presented without the imperative specifi¬ 
cations and qualifications of the scientific setting, there 
is danger that they become either misleadingly simple 
or meaninglessly ambiguous. It is difficult to defend, 
disprove, or even to apply objectively such a proposition 
as “It is psychologically sound to assume that each 
student will do his work unless there is something wrong 
with him that needs attention” (p. 178). 

The critical question is: Will this book be of value in 
education classes? It could be. The general outline, 
the logic of organization, the realistic projects presented 
with several chapters, all suggest that the author, in 
his own educational psychology classes, develops the 
themes in a way to gratify both the educator and the 
psychologist. But an instructor with a less complete 
background and a limited imagination will be unable 
to clothe with operational meaning the well-sounding 
words. In short, placed in less certain hands, this will 
be merely “another educational psychology textbook.” 

Frank W. Finger 



Your Child’s Mind and Body. A Practical Guide 
for Parents, 

By Flanders Dunbar. Random Eoirn, New York. 

$2.95. xii-f 324 pp. 1949. 

Flanders Dunbar has written another comprehensive 
book relating psyche and soma. This time she ener¬ 
getically attacks the problem from the pediatric level. 
She has an enviable background as physician, mother, 
and pioneer in psychosomatic medicine upon which to 
draw for such a survey. With fine assurance she has 
produced a good book for parents to read—full of con¬ 
structive illustrations, matter-of-fact descriptions, and 
definite directives. 

The hook is actually written to parents. Chapter 
headings are questions penetrating anxiety-laden areas 
for those who are bringing up children: Does Your 
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Child Sleep?; Does Your Child Eat?; Does Your Child 
Play?; Do You Love Your Cloild?; Does Your Child 
Obey?; Does Your Child’s Body Obey Him?; Does 
Your Child Get Sick?; Does Your Child Commit Minor 
or Major Crimes? These broad questions just about 
cover everything, at least in the way the author treats 
them. After developing the theme of each chapter in 
terms of the youngster of pre-school or grammar school 
age, Dr. Dunbar appends a few words on “the Ado¬ 
lescent Aftermath” as a foUow-up on a much neglected 
period of development. This is a very original and 
useful addition, greatly enhancing the value of the book 
as an aid to thoughtful parents whose children do grow 
out of childhood into adolescence, with all that period’s 
special complications. Your Child*s Mind and Body is 
written in a vivid, authoritative style. There can be 
no doubt that Flanders Dunbar knows her own mind 
and is convinced that she has ideas of real value for 
her audience. She does, tool 

Helen Arthur 



Your Child Makes Sense. A Guidebook for Parents. 

By Edith Buxhaum; foreword by Anna Freud. Inter¬ 
national Universities Press, New York. $3.25. xvi 

+ 204 pp. 1949. 

This is an excellent book on the psychology of child¬ 
hood, from the djmamic orientation of psychoanalysis. 
Edith Buxbaum had her original training in Vienna 
with Anna Freud and has since had many years of 
child psychoanalysis. This makes her unusually well- 
qualified to write on a topic which has been subjected 
to so much undisciplined verbosity. Following an im¬ 
pressive foreword contributed by Anna Freud and a 
friendly introductory page or two by the author 
is chapter 1, contributed by Florence L. Swanson, 
on the Physical Development and Care of the Child. 
This sets the stage for the correlation that must be 
felt between the physical and psychic aspects of the 
growing individual. 

From this point on Edith Buxbaum takes over, cover¬ 
ing a number of important issues that parents should 
know about in order to be more successful parents. 
She discusses among other things the mother-child re¬ 
lationship, sex development, the child and his family, 
and the child and his school. These are, of course, 
the usual items, but in this volume they are treated in 
a new way, a much more valid and pragmatic way, 
from the point of view of what actually goes on in the 
child’s emotional life. At the end there is a section 
entitled Related Reading to which an interested reader 
may turn for a recommended bibliography on child care 
and emotional development. This list alone makes 
the volume an important contribution to literature of 
this type. 

Your Child Makes Sense is written specifically for 
non-professionals. The author spends no time on 


theory alone. She briefly states the psychiatric facts 
involved but relates them immediately to actual situa¬ 
tions. She has an effortless, somewhat amorphous 
style that carries the reader along easily but not sopor- 
ifically. Because of its non-technical approach, this 
book can be read by anyone. Because of its sound 
psychod 3 mamic orientation to the common childhood 
problems, it should be read by ail who question their 
child’s behavior. This does not exclude psychiatrist 
parents, who are often in need of just such a down-to- 
earth, practical presentation of certain everyday issues. 

Helen Arthur 



The Psychoanalytic Reader. An Anthology of Es¬ 
sential Papers with Critical Introductions. 

Edited by Robert FUess. International Universities 

Press, New York. $7.50. 392 pp. 1 chart. 1948. 
This is a book of genuine importance to all students of 
psychoanalysis. Fliess has done a real service in com¬ 
piling in one volume 27 important psychoanalytic pa¬ 
pers, hitherto either very difl&cult to find or not even 
translated. He has devoted an immense amount of 
time, as well as professional discernment, to going 
through the psychoanalytic literature, sorting out repe¬ 
titious, non-contributive papers, and finally selecting 
the basic articles included here. 

In this book, the first of a contemplated series, Fliess 
has grouped the papers under five topic headings: Clini¬ 
cal; Theory; Miscellaneous; Uncollected Papers by Karl 
Abraham;*and References by Freud. This last section 
is fascinating, for papers to which Freud has referred 
in his writing are quoted in full, along with the parts 
from Freud’s own writings which contain the allusion. 
Because of the careful grouping of the papers, the ex¬ 
ceptional quality of all of them, and the fact that all 
the authors are (or were at the time of writing) tradi¬ 
tional Freudian psychoanalysts, the continuity and co¬ 
herence of thought in the book is quite impressive. 
Not only the original authors, but also the editor, must 
be credited with excellent work. Future volumes will 
be awaited eagerly. 

Helen Arthur 



The Neurosis oe Man. An Introduction to a Science 
of Human Behaviour. 

By Tfigant Burrow. Earcowt, Brace and Company, 

New York; RouUedge and Kegan Paid, London. 

$7.50. xxvi + 428 pp. + 5 plates; text ill. 1949. 
The general thesis of this book is that man as a spedes 
is the victim of a neurosis, due to the fact that his 
“third nervous system,” that making possible symbolic 
function as contrasted with the visceral and sensory- 
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motor functions of the other two, has tended to separate 
him from his environment and has thus induced a par¬ 
tial (partitive or ditentive) reactmty replacing the 
whole (cotentive) reactions which would otherwise take 
place. Out of tills condition the author concludes that 
all the world’s interrelational problems arise, and he 
posits that this ^^phylic” neurosis must be somehow 
cured before man can successfully escape the fate he 
appears to be making for himself with wars, atomic 
bombs, and the tendency toward strife in general. 

It must be stated here that the above interpretation 
may well not be what the author intended to convey, 
since the book is written in a language the symbols of 
which are unusual and difficult in spite of their very 
frequent repetition. As a sample of the type of writing 
in which the ideas of this book are entombed, consider 
the following: “Accordingly, there is need to recognize 
that man’s adaptation has come to be almost exclu¬ 
sively partitive, episodic, disjunctive. Dealing indis¬ 
criminately, as we now do, with the symbols or indices 
of objects and with the symbols or indices of one 
another, man has come to assume a projective basis 
of behavior that is wholly insular and discrete.” (p. 
169). It is unfair to pick a particular section—this is 
hy no means the most exaggerated sample that could 
have been used—to characterize the language of a 
book. Nevertheless, the prospective reader should be 
warned. 

The book pretends to be a report of experimental 
work and has an appendix giving some data on respira¬ 
tion, heart rate, basal metabolic rate, and oculomotor 
function in the various states of attention discussed by 
the author. For the most part it is, however, a rather 
confusing array of ideas. These ideas have relations 
with some familiar theses. One will find hints of a 
“back to nature” philosophy, of the control of thought 
and feeling through use of physiological function in a 
way reminiscent of Yogi cults, and a long dissertation 
on the differences between the author’s philosophy and 
Korzybski’s semantics. There is also an attempt to 
get at the biological Implications of religion, to destroy 
the concepts of right and wrong, and to replace them 
With a concept of biological success and failure. Fi¬ 
nally, there is an effort to show that if man were again 
to combine his symbolic functions, which are basically 
physiological, with the other recognized physiological 
functions, then all'would be well. 

One of the bask contentions in the book is that indi¬ 
viduality is unsound and that it is nothing more than 
also called'"“ T’-Persona.” It is not unfair to 
point out that the author has face enough left after his 
; study to, explain how ,his name is pronounced and to 
tell a number of his personal experiences^ neither of 
which additions contributes to his thesis. There are 
some stimulating ideas in the book, but the cost of 
^ sharing them with the author is very great. 

Paul Y. Lemkaxt 


Modern Practice in Psychologic.al Medicine. 

Edited hy J. R. Rees. Paid B. Hoeher, Medical Book 

Department of Harper Sc Brothers^ New York. $10.00. 

xii 4* 488 pp. 1949- 

This textbook of psychiatry, intended for students of 
medicine and general practitioners, and mitten by a 
group of well-known British specialists, is a conserva¬ 
tive statement of present thought concerning person- 
alit 3 " development and its deviations and treatment. 
It is conservative in the sense that it rests essentially 
on clinical observation, with a minimum of theory, 
which in fact serves no particular purpose in the actual 
handling of cases. Considering the statement in the 
foreword that attributes to Freud’s contributions the 
great present day interest in things psychiatric, there 
is remarkably little about Freudian theory and research 
in the body of the text and in the references listed at 
the end of each chapter. There is no occasion to deny 
that this is a dynamic approach. It is such, but more 
in the traditional English sense, which follows the 
Meyerian tradition in this country. The several chap¬ 
ters dealing with personality development and the vari¬ 
ous forms of psychiatric deviation and treatment are 
very well presented, and this should be a good book for 
medical students and practitioners. 

Only two contributions to the book come from Amer¬ 
ica: one by D. Ewen Cameron, a Scot transplanted to 
this country, and one by Samuel W. Hamilton on the 
Medico-Legal Aspects of Psychiatry, as practiced in the 
United States. Cameron’s chapter on Sexuality and 
the Sexual Disorders is factual, rests on common ex¬ 
perience, and is remarkably devoid of esoteric theory. 

Wendell Muncie 



Progress in Neurology and PsYctnATRY. An 
Annual Remew. Volume IV. 

Edited hy E. A. Spiegel. Grime & Stratton, New 

York. $10.00. xiv-f 592 pp. 1949. 

This excellent review of the most recent contributions 
in neurology and psychiatry has been ably presented 
by an imposing group of contributors and edited by 
E. A. Spiegel of Temple University. It is divided into 
four parts: The Basic Sciences, Neurology, Neurosur¬ 
gery, and Psychiatry. Of the 582 pages of text, 178 
are devoted to psychiatry. Nevertheless, throughout 
the neurological contributions one sees constantly the 
encroachment of psychological aspects as, for instance, 
in the chapters on the psychopathology of vision, the 
surgical treatment of pain and motor disorders, psycho¬ 
surgery and the autonomic nervous system, and others. 
The psychiatric chapters are very well done indeed. 
These deal with cHnical psychiatry, mental hygiene, 
forensic psychiatry, child psychiatry, neuroses, psycho¬ 
somatic medicine, alcoholism, the Rorschach and other 
projective technics, shock therapy, group psychother- 
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apy, psycHatric nursing and occupational therapy, 
psychoanalysis, rehabilitation and reeducation. The 
material is well digested and amply documented . 
Assuming that the part dealing with neurology is 
equally well done, this book should be a very valuable 
addition to the medical library and a time-saver in 
combing the literature for pertinent material. 

Wendell Muncie 



Compulsion and Doubt. {Zwang und Zweifel). Vol- 

UMBSI dnd II. 

By Wilhelm Stehel; authorized translation by Emil A. 
Gutheil. Liveright BuhlisUng Corporation, New York, 
$7.50 for two volumes. (I) x 4* Pp. 1-323; (II) ix 
4-Pp. 324-645. 1949. 

In this two volume series, Stekel provides a very com¬ 
prehensive treatment of the effects of anxiety, dread, 
and doubt upon human personality. He discusses in 
detail various forms of neurotic obsessions and com¬ 
pulsions, and attempts to demonstrate the hidden 
causes and subconscious motives involved in their de¬ 
velopment. The work is enlivened by the inclusion of 
approximately 80 case histories, many of which are 
presented in great detail. These case histories illus¬ 
trate the effects upon personality and character of per¬ 
sistent compulsions and doubts. Typical chapters are 
devoted to criminal impulses, compulsions and mastur¬ 
bation, the incest complex, compulsion and impotence, 
homosexuality and patricide, and so on. 

The over-all value of this work is difficult to estimate. 
It is apparent that Stekel is a disciple of Freud. Un¬ 
doubtedly his interpretations of the case histories pre¬ 
sented will appeal to all other analysts and psychia¬ 
trists who believe in the Freudian interpretation of 
personality. They will hail this new translation as a 
major contribution to the literature of psychoanalysis. 
Others, who deal with disordered personalities without 
benefit of Freudian doctrine, will be much less enthusi¬ 
astic about the approach to the phenomena of 
compulsion and doubt taken in this book. 

The present reviewer feels that the prevalence of 
anxiety, dread, doubt, compulsions, and obsessions 
among modern men makes it imperative that every 
clinician working in the field of personality disorders 
learn as much as he can about these phenomena. For 
this reason it is believed that these two volumes should 
be included in the professional library of every psy¬ 
chiatrist, psychoanalyst, and clinical psychologist. 
They would seem to have very little value elsewhere. 

Wendell W. Cruze 



Basic PEiNaPLES OF Psychoanalysis. 

By A, A, Brill; with an introduction by Fhilip R. 
Lekrman. Douhleday & Company, Garden City, New 
York $3,45. xvxii 4- 298 pp, , 1949. 


This is Brings last writing, edited after his death by Ms 
friend, PMlip R. Lehrman. As in ever 3 ^tMiig Brill ever 
wrote, one finds here a commendable clarity and a 
singleness of purpose wMch leave the reader with ad¬ 
miration for the author’s very real literary as well as 
scientific abilities. The book covers all the well known 
material of any psychoanalytic textbook, the history 
of the method, the basic tenets, and the basic manifes¬ 
tations in everyday life and dreams. There are very 
valuable chapters on the functions and motives of 
dreams and their interpretation, the t>*pes of dreams, 
and common forms of psychoses. Then there are some 
additional final chapters of general interest concerning 
the only child, fairy tales and artistic productions, and 
the selection of vocations. 

There is notMng a reviewer can say to add to Brill’s 
stature. It is fitting that the man who introduced 
psychoanalysis into this country should leave such a 
readable, instructive textbook on the subject. 

Wendell Muncie 



Sexual Behavior: Normal and Abnormal. 

By Eustace Chesser. Roy FubUskers, New York 

$3.75. xii 4- 295 pp. 1949. 

The theme of this book is that sexual problems are 
usually personality problems, that personality adjust¬ 
ment is largely a function of the home in which the 
child has grown up, and that the most serious threat 
to this home is the mother’s urge to be *‘emancipated.’’ 
Chesser’s first point is that the purely physical aspects 
of sex life have been overemphasized at the expense of 
the subtler emotional attitudinal aspects. Actually, 
they are inextricably interwoven, and tied in with the 
individual’s whole pattern of habitual adjustment. 
Sexual deviations are much more often the result of 
emotional disturbances than their cause. Much of per¬ 
sonality maladjustment can be traced to the long-stand¬ 
ing cultural assumption (illustrated in the early 
Christian teachings) that woman is an inferior species 
and that sexual behavior is an unfortunate racial neces¬ 
sity. This leads to a certain amount of anxiety in 
nearly everyone, but in woman ‘‘the legacy of,. .con¬ 
fusion, resentment, fear, suspicion, and, above all, of 
shame” is so great that she quite understandably seizes 
the opportunities made possible by educational and 
economic changes to escape from the responsibilities of 
normal sexuality and maternity- This would not be 
particularly disastrous if some women rejected marriage 
altogether and the rest accepted it unconditionally. 
The critical problem centers around the large number 
who, unconsciously, reject the maternal role just enough 
to create in the home an ah of discontent, uncertainty, 
and insecurity, which in turn distorts the whole per¬ 
sonality (and hence the sex attitudes) of the next gen¬ 
eration. Woman must he helped to understand that 
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she is not the inferior of the male—she is in reality 
superior, ‘‘Nature’s chosen sex.” And at the same 
time sexuality must be accepted by all in its proper 
perspective, as a natural drive that can reinforce the 
optimal development of the whole person. 

The “abnormal” in the title is stressed very little in 
the discussion. For the most part extreme deviations 
are described only to illustrate the qiianiitatwe relation 
between the abnormal and that range of behavior that 
is classed as normal, and to reassure those who feel 
themselves to be greatly different m kind from the 
average of the population. 

The rationale of the section on psychosexual develop¬ 
ment is unmistakably Freudian. The usual objections 
to the untestable hypotheses will of course be raised in 
this connection, although the descriptions are couched 
in such common-sense language as to be quite disarming. 
Beyond the dependence on psychoanalytic formula¬ 
tions, the book is clearly all Chesser’s. The virtual 
absence of references to recent research on sex attitudes 
and behavior (Kinsey’s name being conspicuously miss¬ 
ing) leads one to wonder if the breadth of the author’s 
acquaintance is as limited in his special field as it 
appears to be in some of the supporting areas. Per¬ 
haps it is just as well that such mechanical imple¬ 
ments as statistics are eschewed, for in the one instance 
when he attempts to play with figures, Chesser falls 
into complete confusion. The lack of an index rein¬ 
forces the impression that the book is intended to be 
read as an essay rather than studied as an authorita¬ 
tive textbook or used as a handbook. Regarded in 
this light, many of the ideas in Sexiial Behavior are 
well worth consideration. 

Frank W. Finger 



HUMAN BIOLOGY 

Tken-Funnene, Insiituttei for Sammenlignende Kul- 
turforshning, Serie B: Shifter. XLI. 

By Giiform Gjessing, mth the assistance of Ole T. Gr^n- 
lie, Oluf Kolsrud, and K. E. Schreiner. H. Aschehoug 
& Company (IF. Nygaard), Oslo; Kegan, Paul, Trench, 
Trubner & Company, London; Otto Harrassowitz, Leip¬ 
zig; SocUU d^Edition ^^Les Belles LettresT Paris; Har¬ 
vard University Press, Cambridge. N. kr. 35.00 
(cloth); n. kr. 30.00 (paper), viii + 234 pp. + 
52 plates; text ill. 1943, 

The archeological finds at Trasna, a rocky island lo¬ 
cated on the Norwegian Coast just below the Arctic 
Circle, are interesting, rich, and variegated. On the 
island are found not only prehistoric caves, but also 
houses and graves. Here have been found a great 
many artifacts of bone, flint, and stone, as well as 
weapons, tools, and jewelry of iron, bronze, and gold. 
The accumulation of pottery is not insignificant. Last 
but not least, there has been found here a rather unu¬ 
sual material of human skeletons. With an intermis¬ 


sion of a couple of centuries (the Merovingian times 
to the late Middle Ages), the finds cover a period of 
thousands of years, from the Older Stone Age (Paleo¬ 
lithic) to the Late Middle Ages. 

The report on the bulk of the finds is written by 
Gutorm Gjessing. Exceptions are: a chapter on the 
geology of the island {Kvartxrgeologiska undersokningar) 
by Ole T. Grji^nlie; a chapter on a golden ring found 
there (Gullringen) by Oluf Kolsmd; and a chapter on 
the skeletons {Skjeleiterne) by K. E. Schreiner. 

According to Schreiner, the racial characteristics of 
the skeletons do not differ much from what is known 
about medieval skeletons in Oslo. In general, the race 
seems to be Nordic, with some deviations (brachyceph- 
alism) pointing to the Alpine race rather than to the 
Lapps. Of the 47 individuals, 19 must have died before 
they reached the age of 20 and only 5 reached the ad¬ 
vanced age of 50, one of whom may have become 60. 

The ring is dated by Kolsrud to the first half of the 
15th century on paleographic grounds. It has a magic 
inscription {hure, herto, beriora) to stop bleeding, to 
which there are several 15th century parallels in Scandi¬ 
navia and elsewhere. 

According to Gjessing the archeological material 
(skeletons, tools, pottery, etc.) was found both inside 
and outside the caves, of which Kirkehelleren (the 
Church Cave) was the most imposing, though not the 
largest. 

Immediately south of that cave, in a bog, there were 
found ruins of old houses and a sort of a causeway of 
stones, leading over the bog to a place ca. 23 meters 
above the present sea-level The archeologists decided 
that when this causeway was built, it led, indeed, down 
to the then existing sea-level (ca. 22 meters), and thus 
dated the path to the Older Stone Age (Paleolithic). 
Investigation of the ruins corroborated this: the arti¬ 
facts, and probably also the house ruins themselves, 
date from Paleolithic times (more specifically from what 
the Scandinavian archeologists call Nostvet-time). If 
so, these are the oldest known houses in Scandinavia, 
which makes the find important indeed. Of other re¬ 
sults one may mention Gjessings’ finding that the cul¬ 
ture of the Stone Age remained much intact until the 
advent of the Iron Age. 

There is no possibility of going into the rich detail 
of the book. It is a pity that the authors themselves 
did not give their results in short English r6sum6s, for 
their finds seem to be quite important. Nevertheless, 
those who are really interested, geologists, archeologists, 
and anthropologists, can probably find their way around 
in the rich material of the Plates (52 in number) at 
the end of the book. 

Stepan Einarsson 



Pkehistoeic Pottery and Civilization in Egypt. 
The BoUingen Series VIIL Pantheon Books. 
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By Max Raphael; translated by Norheri Guterman. 

BolUngen Foundation, Washington, D, C. $7.50. 

160 pp. + 36 plates. 1947. 

This strictly archeological treatment of the prehistoric 
pottery of Egypt resembles the author’s previous con¬ 
tribution to this series, Prehistoric Cave Paintings (see 
Q.R.B. 21: 125. 1946), in elaborating the meaning of 
the ornamentation in terms of cults, in this instance 
the cult of the dead and the rites of magic. The style 
adopted by the author is simpler, however, and the 
interpretations are more direct and readily followed. 
The plates are outstanding. 

Bentley Glass 



The Wole and the Raven. 

By Viola E. Garfield and Linn A . Forrest, University 

of Washington Press, Seattle. $3.00. x + 151 pp.; 

ill. 1948. 

The carving of totem poles is an art which was practiced 
very locally by the Indians of the Pacific Northwest, 
notably those of the Tlingit tribe. It is now largely a 
lost art, even though some of the poles were made as 
late as 1905. Modern philosophy, wteh came with 
the white race, has disrupted the nature culture with 
its strict adherence to maternal lineage, and the race 
myths and lineages which are symbolized in the elabo¬ 
rate carvings are remembered only by the older tribal 
members. 

Recognizing that the wooden poles were in danger of 
extinction through decay, weathering, and pilfering, the 
U. S. Forest Service in 1938 began a systematic col¬ 
lection and restoration of totem poles, which were lo¬ 
calized for the benefit of visitors and with the consent 
of the Tlingits. Parks at Saxman, Ketchikan, Mud 
Bight Village, and Klawak, in southeastern Alaska now 
contain the best of the remaining poles, through a proj¬ 
ect carried out by the junior author. Garfield, an 
anthropologist, has collected the legends, histories, and 
lineages which the poles symbolize. Each totem is dis¬ 
cussed individually and each is illustrated by photo¬ 
graphic reproductions. The total effort has resulted in 
a fascinatmg story of an Indian group which sought 
expression in a unique and spectacular manner. It is 
unfortunate that the half-tone illustrations do not pro¬ 
vide the sharpness of detail and the color which the 
text deserves. When it is considered that the totem 
poles represent a form of art peculiar to a region of 
America and in its last stages of existence, one is 
led to wonder why nothing was done to preserve it 
before 1938. 

C. P. Swanson 



China: the Land and the People. Issued in Coop- 
oration With The American Institute of Pacific Relations, 


By Gerald F. Winfield. William Sloane Associates, 

New York. $5.00. x-j- 437 pp. + 16 plates. 1948. 
This is by far the best general account of China’s 
problems now available. The author, a biologist of 
many years’ experience in China in the field of public 
health, has not limited himself to an analysis of that 
aspect of China’s needs, but has produced a remarkably 
well-integrated study of the interrelationships of the 
land’s geographic and human characteristics, the agri¬ 
culture, diet, clothing, and shelter of the people, their 
commerce, industry, and transportation, health, educa¬ 
tion, language, local government, and the far-reaching 
consequences of war. 

It is the second part of the book, entitled Rebuilding 
China, that is most thought-provoking. A statement 
of needs and goals leads to a consideration, first of all, 
of sanitation, China’s most gigantic health problem. 
“The annual toll of death from fecal-borne diseases is as 
high as four million—one-fourth the total number of 
deaths from all causes each year.” Hookworms, flukes, 
and astronomical numbers of ascarids (from 5 per per¬ 
son in 35 per cent of the population in urban dwellers 
of the north, to 35 per person in 98 per cent of the pop¬ 
ulation in the rural rice-growing areas) deplete the vi¬ 
tality and resistance of the people. But the prevalence 
of such fecal-borne diseases and parasites is the inevi¬ 
table outcome of the dependence of the farming popu¬ 
lation on human excreta to replenish the nitrogen of 
their fields. (“It is interesting to note that the amount 
of nitrogen present in the feces cakes is in direct ratio 
to the richness of diet of the people producing the night 
soil.”) No effort to eliminate these conditions can suc¬ 
ceed until some cheap and effective way can be worked 
out to sterilize the human fecal materials before they 
are used on the fields or fed to the pigs. This can be 
done, as the author has shown experimentally at Chee- 
loo University in Shantung, by composting the excreta 
in mixtures of 20 per cent night soil, 50 per cent animal 
manure, 20 per cent vegetable wastes (such as wheat 
straw, leaves, or dry grass), and 10 per cent field soil. 
This sounds simple to do, but anyone who knows China 
will at once see the difficulty. The plant wastes are 
universally used by the farm populations as the princi¬ 
pal supply of fuel, wood for such purposes being ex¬ 
tremely scarce. Hence, to solve the sanitation problem 
in the way proven to be feasible will require first a new 
source of fuel for the Chinese people. A great dam 
across the Yangtze River in the gorges above Ichang 
could supply over 10,000,000 kilowatts (3 times the 
generating power of the Grand Coulee, Hoover, and 
Shasta dams combined) and has been planned; but even 
this supply of power would have to be supplemented 
by a vast increase in the amount of coal mined. For¬ 
tunately, China has tremendous supplies of coal; but 
these will be of little value unless mining is modernized 
and the transportation facilities of the land are im¬ 
proved to enable the coal to he taken where it is needed. 
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Therefore a vast increase in China’s railroad mileage 
is a necessity. 

ill another phase of the analysisj it is made clear 
that China’s agricultural production, and hence her 
basic living standard, cannot be improved unless the 
average size of farms is increased from about 4 to about 
13 acres apiece. The larger farms could then be worked 
by more modern methods and equipment, with a higher 
productivity per worker. This, however, would mean 
moving 180,000,000 persons off the land, and that of 
course cannot be done except they be absorbed in a 
great expansion of industry and personal services. 

All of these steps, so intimately tied together, will 
be rendered futile unless the nation learns to control 
her population growth. The chapter on Population 
Control is the first really constructive proposal along 
these lines the reviewer, for one, has ever seen. The 
problem is faced with real courage. Gerald Winfield 
proposes that efforts to save life by combatting in¬ 
fectious diseases be held in abeyance until by a com¬ 
bined program of obstetrical and pediatric care, the 
plain people can be shown that it is not necessary or 
desirable for them to have so many births, and come 
to welcome methods of birth control. Only when the 
hirth rate has begun to drop will it he safe to undertahe 
measures to reduce the death rate. This sounds harsh 
to humanitarian ears, but one may well ask why one 
should save a person from death by disease merely to 
allow him to starve. 

These questions culminate in the need for education, 
which must be the prime mover if such interlocked 
problems are to be attacked with intelligence and wis¬ 
dom. The final chapter brings in the fateful theme of 
political domination. With ail its faults, the Kuomin- 
tang held out more hope for China to realize these 
goals than the Communists can possibly manage to do. 
This book is a superlative analysis that shows what 
might have been. It should be read by every thinking 
American, in spite of the mental depression that will 
follow. 

Bentley Glass 



Gipsies in Denmark. A Social-Biological Sktdy. 
Opera Ex Dmm Biologme Serediiariae Eumanae tinker- 
sitatls Safniensis. Volume 5,^ 

By Erik'D, Bartds atd Gtdrun Brun, Einar Munks- 
gaardf Copenhagen, Kr. 12.- (paper). 180 pp. -f 3 
plates. 1943. 

This excellent study of nine gipsy families in Denmark 
should serve as a future model of a genetic-social inves¬ 
tigation carried out without the influence of national 
politics. The authors were asked by the public aid 
authorities of the City of Copenhagen to study the 
gj^y families and to determine as far as possible the 
parts play^ by heredity versus mviromnent in deter- 
mibihg, the,, peculiarities of gipsy behavior. 


The liistory of gipsies outside Scandinavia until about 
the year 1900 is traced in the second chapter. Lan¬ 
guage studies in 1775 revealed the original home of 
gipsies to be India. They were brought into Persia 
to serve as court musicians in the fifth century A. D. 
Gipsies wandered to Greece, the Ballians, and on up 
into Europe during the middle ages. Numerous unsuc¬ 
cessful attempts were made to colonize them. In cen¬ 
turies gone by, as is usually the case in present times, 
they earned what livelihood they could by serving as 
musicians, in circuses, as tinkers, horse traders, and 
dealers in handicrafts. Through a strict system of in¬ 
termarriage, the language and customs of the gipsy 
tribes have been maintained for centuries. However, 
in recent times, admixture with settled groups, usually 
of a rather low social order, has taken place to a large 
degree, and has resulted in a mixed population. 

Chapter III deals with a history of the problem of 
vagrants, aside from gipsies, with especial reference to 
Danish conditions. During the Middle Ages beggars, 
wandering friars, peddlers, ex-soldiers, and artisans were 
constantly on the road. A class of regular vagrants 
arose in Denmark, probably from executioner’s men, 
ex-soldiers, and their women. This group, called 
“nightmen,” earned a living scavenging in the towns, 
removing the carcasses of animals dead from accident 
or disease, gelding horses and boars, and chimney¬ 
sweeping. This group has now been successfully ab¬ 
sorbed into honest, settled populations in Denmark, 
wdth apparently no ill effects upon the latter. 

In Chapter IV the history of gipsies in Scandinavia 
is traced. The exact time of entry of gipsies into Den¬ 
mark is not known, but in 1512 a royal decree was 
issued banishing them. Stringent gipsy laws from the 
sixteenth to the eighteenth centuries in Denmark reveal 
a merciless persecution of this unfortunate group. 

Chapter V is entitled “Gipsies in Our Days. What 
is Meant by a Gipsy?” and reviews an extensive in¬ 
vestigation of gipsies in Germany by Ritter (1937). 
Unfortunately, this work seems hopelessly influenced 
by the theories of National Socialism regarding racial 
superiority and inferiority, Bartels and Bran view this 
work with somewhat more sympathy, but do take a 
firm stand against Ritter’s claim that with an increase 
of gipsy blood, mixed gipsy children become more dark 
in hue and pari possu their intellect becomes more and 
more deficient. The German outlook on gipsies is ex¬ 
ceedingly pessimistic, and upon mixed gipsies is even 
more gloomy. Ritter’s latest work has indicated that 
the Germans were contemplating sterilization measures 
against gipsies. Ritter’s own definition of a gipsy is 
an individual who has among Ms grandparents at least 
three gipsies. A mixed gipsy, then, is an individual 
who had among Ms grandparents either one or two 
pure gipsies or at least two quarter or half gipries. 
The Dani^ authors make use of these definitions in 
their study. 

In Chapter VI the history and mode of living of 
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modern Danisli gipsies is discussed. The nine families 
which form the object of this study emigrated from the 
northern part of Germany, mostly from Schleswig and 
Holstein, between 1800 and 1850. Their mode of living 
resembles that of their ancestors. Their occupations 
include the fair business, running merry-go-rounds or 
swing boats. Some are artistes, a few being at the 
top of their professions in circuses; some own circuses; 
others are street musicians, or vendors of tilings of 
their own making such as paper flowers. Another prin¬ 
cipal occupation is grinding, and minor mending. 
Danish Sanitary Laws allow traveling about in caravan 
w^agons only in the summer months. Consequently a 
permanent winter establishment is maintained by many 
of the Danish gipsies. 

Chapter VII summarizes the relations of the Danish 
gipsies to the public relief administration, and also to 
criminality. A great deal of public relief is expended 
upon the gipsies. On the other hand, their contacts 
with the police are usually only the consequence of 
petty offenses. Not a single serious crime has been 
committed by any member of the nine families of mod¬ 
ern Danish gipsies. 

Chapter VIII discusses the racial composition of 
modern Banish gipsies. As the authors point out, their 
nine families, traced for six generations, now contain 
few pure gipsies. Most individiiais are “mixed gipsies,” 
and the entire group of from 700 to 800 persons will in 
time (estimated at 50 to 100 years) become assimi¬ 
lated into the native Danish population. The next 
chapter contains pedigrees and a detailed history of 
eight of the nine families studied. Such a detailed 
study could not be made of the ninth family, but it 
was known to resemble the others. These reports were 
made up not only from public aid records and school 
records, but also from careful visits to the homes and 
caravan wagons of the gipsies and long conversations 
with members of the family and wn‘th their neighbors. 
Far from being influenced by the pessimistic outlook 
on the gipsy problem taken by Norwegian and German 
authors, the Danish authors have preserved a true 
scientific impartiality in their investigations. 

In the final chapter, the authors conclude that gip¬ 
sies in Denmark do represent a “biologically delimited 
group within the population” because of (1) their 
foreign appearance (i.e., dark complexion, characteris¬ 
tic features), (2) their own feeling of being an entity 
separate from the native Danish population. Secondly, 
the authors believe Danish gipsies to be in general 
mentally sound. Bartels and Bran take exception to 
the views of Bitter that even mixed German gipsy popu¬ 
lations possess a “special form of feeble-mindedness.” 
The Danish authors state that the cultural background 
of the gipsy in general affects him in such a way that 
he completely lacks the indination to adapt himself to 
a normal, settled, orderly existence. Thus he neither 
likes to stay long in one place nor to have permanent 
work.' No, great criminality exists among, the^ Danish 


gipsies, though they are often guilty of small offenses 
because of their poverty and lack of education. The 
authors suggest that the peaceful and kindly conditions 
in Denmark may have some bearing on the low" crimi¬ 
nality among Danish gipsies, compared with the high 
number of criminal offenses found among them in Ger¬ 
many. The authors believe that it is not possible to 
change the Danish gipsies’ way of life among those 
now living. They observe that the Danish gipsies are 
rapidly becoming assimilated into the native popula¬ 
tion, and state that “although the gipsy families cost 
the community a considerable sum of money,” they 
are “no danger to public security.” The authors are 
firmly opposed to Ritter’s advocacy of sterilization of 
all individuals displaying asocial behavior. From the 
point of view of eugenics, Bartels and Bran point out 
that the gips 3 " families have shown that they are cap¬ 
able of fostering citizens who are just as good as the 
the average of the population. They suggest that gip¬ 
sies in their capacity as entertainers and owners of 
circuses have performed a service to small isolated 
villages. 

The reviewer is impressed with the spirit of kindli¬ 
ness and scientific honesty with wliich this investiga¬ 
tion has been carried out at a time w"hen Denmark was 
occupied by the Germans. The study of Danish gip¬ 
sies is thorough to the smallest detail. Upon reading 
the case histories, one feels the greatest admiration for 
the complicated s\"Stem of Public Aid wliich one learns 
must exist in Denmark. Such a system, carried out with 
patience, is designed for helping the indigent individual 
to help himself. Excellent photographs of various Dan¬ 
ish gipsies are included at the end of the monograph. 
The monograph is written in practically faultless 
English. 

Sarah Bedichek Pipkih 



Male and Female. A Shdy of the Sexes in a Chang¬ 
ing World. 

By Margaret Mead, William Morrow Sc Company, 

NmYorh $5.00. xii + 477 pp. 1949. 

The author has tried to find out what the differences 
between the two sexes actually are, in order to build a 
better society on such knowledge. She here confiums 
her earlier findings that most of these differences are 
social conventions, built up in childhood, a develop¬ 
mental stage to which she has always attributed an 
exclusive importance lor character formation. Miss 
Mead goes again over the seven South Sea cultures 
she has observed, and in examining the formation of 
males and females there she has discovered, besides 
the weE known anal, oral, and other types of sex be¬ 
havior delineated by Sigmund Freud, a new one, the 
womb envy of males. The basic thing in females is 
their ability to bear chEdren, whEe men, according to 
the author, axe eternally uncertain of their ability to 
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perform sexually and of their fatherhood, which makes 
them more aggressive, active, etc. The author also 
makes some comments on the relations of sexes among 
the people of the United States, the difficulties of bring¬ 
ing up girls like boys and then making housewives of 
them, etc. 

This book will be a disappointment to those who have 
liked the autlior^s earlier monographs, which were 
indeed always subjective, but also lively and stimulat¬ 
ing. These 500 pages of very involved writing seem 
to lead nowhere but to the few not very helpful gen¬ 
eralities mentioned above. It might be suggested that 
this sad result has something to do with Margaret 
Mead’s particular anthropological methods, which she 
explains, lauds, and defends at great length. They 
seem not to be very adequate in reaching valid theoreti¬ 
cal and practical generalizations, especially when ap¬ 
plied to the more complex non-tribal societies. 

Erwin H. Ackerknecht 



From Cave Fainting to Comic Strip. 

By Lancelot Hoghen. Chanticleer Press, New York 

$5.00. 287 pp.; ill. 1949. 

If man is unique, concludes the author, it is because he 
is **the only picture-making animal which has ever 
lived on our planet.” Nothing else about him is more 
than an extension of features found in other animals. 
With copious and excellent illustrations, the pictorial 
strand is followed from some 30,000 years ago to the 
present day. Careful consideration is given to the 
relationships of totemistic signs, zodiacal portents in 
relation to agriculture, alphabets and modes of count¬ 
ing, paper-maldng, playing cards, and movable t 3 q>e. 
Hogben traces the shift of centers of civilization north¬ 
ward and shows how cloudy weather plus winter cold 
make understandable the new interest in the technology’’ 
of glass-making—and its products, such as clear window 
glass, lenses, and eyeglasses. He points to the stand¬ 
ardization of spelling and grammar which followed the 
introduction of printing, and to the development of 
the international symbolisms that have grown up in 
electronic circuit representations, in floral diagrams, 
and atomic detail. As a culmination in this direction, 
Hogben praises at length the universal picture language 
begun by Otto Neurath in 1925 in Vienna, and called 
‘Tsotype”;—the present **book is a tribute to his mem¬ 
ory.” Printers' ink, vanishing points, map making, 
color printing, and improvements in press design bring 
the subject to modern times and a carefully documented 
analysis of the American comic strip, with the frus¬ 
trations of everyday life found to be the clue to its 
appeal. The book ends with a plea for early adoption 
of an international language and for an acceleration in 
the training of world citizens through waU charts, 
motion pictures of improved ty^es, and other visual 


aids—^with emphasis on such universally understood 
symbolism as Neurath’s Isotype. 

The book is handsomely presented, but the choice 
of Monotype Poliphilus, with its slanted hyphens and 
stylized numerals, makes for slower reading. On a 
page with phonetic symbols a Poliphilus 5 is not identi¬ 
fied as easily as a familiar 5. The captions for the 
illustrations, in many instances, are confusing in their 
departure from the conventional sequence, the reader 
being guided first to the figure in the lower corner of 
the right-hand page, then to the lower left, then the 
upper right, next middle left, and so on. In a book 
subtitled, as this one, ‘'A Kaleidoscope of Human Com¬ 
munication,” with such excellent illustrations of the 
best of cave draw^ings and of modern color photography, 
it seems that a more valiant effort might have been 
made to use the best of type faces and a more customary 
sequence in the captions. 

Lores J. & Margery J. Milne 



BIOMETRY 

Introduction to the Theory of Probability and 
Statistics. Wiley Applied Matheynatics Series, 

By Niels Arley and K. Render Buck Edited by I. S. 
SokolnikoE- John Wiley St Sons, Inc., New Yorh; 
Chapman and Hall, Limited, London. $4.00. xii 4- 
236 pp. 1949. 

This, the second book in Wiley’s newly-created Applied 
Mathematics Series, is a translation of the third edition 
of a Danish text. The senior author is an assistant 
professor of physics in the Institute for Theoretical 
Physics at the University of Copenhagen, the junior 
author an assistant professor of mathematics in the 
Institute for Applied Mathematics at the Denmark 
Institute of Technology. According to the authors, 
the purpose of the book is to provide an elementary 
introduction to the theory of probability and statistics, 
with special emphasis on practical applications. It ap¬ 
pears to have been aimed at a broad audience includ¬ 
ing students in physics, biology, engineering, and other 
sciences. Examples are selected from such diverse 
fields as ordnance, telephony, theoretical physics, and 
actuarial science. 

American students in biology will find this a high- 
level textbook despite the word ^‘Introduction” in the 
title. In order to understand all beyond the first three 
chapters, the student should have a background in 
calculus, linear equations, and the theory of matrices. 
One feature of the book which, in the reviewer’s opin¬ 
ion, makes it thoroughly imsuited for an English audi¬ 
ence is the entirely new system of symbols and notations 
the authors introduce. English-speaking statisticians 
and biometricians have long deplored the lack of any 
consistent system of notation in the field. This, more 
than anything else, is a source of serious annoyance 
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and confusion for the student. At least certain terms 
however, seem to have been reasonably well standard¬ 
ized in most English and American texts. Among these 
are r (the correlation coefldcient), p (probability that an 
event will happen), q (1-p), and F (the ratio between 
variances). Variants of other symbols, not so well 
agreed upon (for degrees of freedom, mean, and vari¬ 
ance, for example), are at least familiar to many stu¬ 
dents of statistics. All these familiar cues are lost in 
this book. The almost universal F is replaced by w^, 
r has become p, p has become S, degrees of freedom are 
symbolized by f, and so on. In fact, a student trained 
on this book alone would almost certainly not be able 
to understand the statistical terminology used in cur¬ 
rent scientific literature. 

A. Chapanis 



Analysis and Design of Experiments. Analysis of 
Variance and Analysis of Variance Designs, 

By E. B, Mann, Dover Publications^ Inc,^ New 

York. $2.95. x 4- 198 pp. 1949. 

This book—one of the Dover Series in Mathematics 
and Physics—is about the analysis of variance and the 
analysis of variance designs as statistical procedures. 
The contents provide a complete, although brief, cover¬ 
age of the field. Starting with the chi-square and F 
distribution functions, the textbook then discusses the 
analysis of variance in one-way and r-way classifica¬ 
tions, Latin squares, orthogonal Latin squares, incom¬ 
plete balanced block designs, factorial designs, random¬ 
ized designs, the analysis of covariance, and many other 
topics. 

This is a book by a mathematician (the author is 
Professor of Mathematics at the Ohio State University) 
written for mathematicians. Its goal is to provide a 
rigorous mathematical treatment of the subject. The 
author has gone far toward achieving this objective 
but, in so doing, he has written a book far beyond the 
practical experimenter. The discussion is entirely at 
symbolic level, with no illustrative examples, prob¬ 
lems, or guides to computational procedures. In short, 
this text is for professional statisticians and mathema¬ 
ticians. The biological scientist had best look else¬ 
where for help on analysis of variance designs. 

A. Chapanis 



DE OMNIBUS REBUS ET QUIBUSDAM ALUS 
Giant Brains. 

By Edmund Callis Berkeley. John Wiley & Sons, 
Inc., New York {Chapman & Mall, Limited, Lon^ 
don). $4.00. xi-f 270 pp. 1949. 

Surely everyone has by now read in newspapers and 
magazines about fabulous computing machines which 


are so fast and so complex that they stagger the imagi¬ 
nation. Not only do these machines perform extra¬ 
ordinary feats of calculation (the ENIAC, for example, 
can do 5000 additions a second), but they also make 
decisions, choose between different courses of action, 
learn, remember, and determine most of their own in¬ 
structions. These machines are the subject of Giant 
Brains. 

The author starts with the query, Can Machines 
Think? and in the first chapter he compares, point by 
point, the characteristics of human thinking with the 
kinds of operations mechanical brains can perform. 
The second chapter considers and classifies various 
systems for handling information. Chapter 3 shows 
in detail the principles on which a simple mechanical 
brain can be constructed. The next six chapters de¬ 
scribe several existing large-scale mechanical comput¬ 
ers, including a “thinking” machine called the Kalin- 
Burkhart Logical-Truth Calculator. The final three 
chapters look to the future, speculating about machines 
now in the design stage and the effects that they will 
have on our future society. 

If you have any curiosity at all about these gadgets, 
you will find this a fascinating book. It is written by 
an expert in the field and so is authoritative. This 
last sentence, however, should not frighten the reader 
because this book is a model of what can be done to 
make difficult material comprehensible. It is excel¬ 
lently written and even if you understand little or no 
mathematics, you will find here much to excite your 
interest. 

A. Chapanis 



Forgotten Mysteeies. 

By R. DeWitt Miller. Cloud, Chicago. $2.50. xiv 

-h 202 pp. 1947. 

The mysterious and the inexplicable have always been 
intriguing, even when accompanied by distrust, appre¬ 
hension, or muttered prayer. They also serve, to some, 
as a reminder that science is not infallible and ail- 
knowing, and that the embracing arm of faith is com¬ 
forting indeed when footsteps sound on the stairs, or 
the phantom barkeep puts in his appearance. The 
author has gathered together these tales for the curious, 
the scoffers, or the believers, and with no other intent 
except to say **Here they are; make of them what you 
will.” Included are the poltergeists, phantom armies, 
deserted ships, and sea serpents, to mention a few of 
the varied mysteries. The book was published too 
early to include the fl 3 mig saucers of recent days. 
Many of the tales are well documented. Some un¬ 
doubtedly lend themselves to psychological explana¬ 
tion, others to no logical solution. All make interest¬ 
ing tales for a dark and rainy night. 

C. P. Swanson 
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No Place to Hide. 

By Bai'id Bradley. A-n- Allaniic Ido-nthly Press Book, 
Littk^ Brotm and Company, Boston. $2.00. sviii 
-r 1S2 pp. 1949. 

Bombs at Bikini. The Official Report oj Operation 
Crossroads. 

By II'. .4. SirurcUjJ. JYm. E. ir/5-e Sc Company, 
lEwYork. $3.50. s-f" 212 pp.-f-33 plates. 1947. 
Belween them, these two boolvS give a clear picture of 
the Bikini tests of die atomic bomb in 1946. Brad¬ 
ley’s book conveys the vivid impressions and the 
psycho logical impact of the events on an observer. The 
ofiicial report, however, gives far more detailed and 
precise information about the tests, including the 
effects upon exposed animals and plants. (The study 
of genetic effects is barely mentioned, however, and is 
limited to mice alone, although the report on heredi¬ 
tary effects induced in maize seeds has by noiv been 
reported in Genetics, 34: 639^-646. 1949.) Somehow— 
for a scientist, at any rate—die implications of the 
bomb for the future of human civilization strike one 
more forcefully in reading the simply stated facts of 
the ofiicial report than in all of Bradley’s vivid 
narrative. 

Bentley Glass 



Election Microscopy; Technique and Applications. 
By Ralph IF. G. Wyckoff. Inierscience Publishers, 
Seuf York and London. S5.(X). x -f 248 pp.; ill. 
1949. 

In comparison with the optical microscope, the elec¬ 
tron microscope provides an extension of sight into the 
invisible world comparable to that which the opti¬ 
cal microscope gave to the unaided eye. Refined 
techniques can now resolve particles less than 20 A in 
diameter. Since the author has been actively engaged 
In perfecting techniques which have extended the use¬ 
fulness of electron microscopy, and since he has con¬ 
tributed, in prior years, to the development of radia¬ 
tion biology in general, he is well suited for the task of 
assembling a textbook which deals with the techniques 
and applications of the instrument- Microbiologists 
in particular will find ample material related to their 
studies. The chapters are well supplied with refer¬ 
ences. Wyckoff does not confine himself to biological 
subjects, however, for the application of the microscope 
to metallurgy and chemistry is fuBy covered. 

Biologists will, find the last four chapters (7-10) of 
particular interest, inasmuch as they deal with the 
electron microscopy of bacteria, viruses, and macro- 
molecules such as hemocyanin, globulin, cellulose, col¬ 
lagen, and the like.^ 'The photographs'are exceptional 
their clarity. The' earlier chapters cover the,Ms- 
^ika! development and tlie'ph 3 racs of the instrument, 
together with the 'techniques us^ in the preparation 
of specimens. 


As the author has emphasized, the full potentiali- 
iies of the electron microscope have not yet been re¬ 
alized. This is imderstandable when one considers that 
its first use dates from 1931, and that several centuries 
of w’ork have gone into the development of the optical 
microscope. Science, however, was better prepared to 
exploit the usefulness of the electron microscope, and 
the text conveys the considerable information which 
its use has brought forth. It is to be hoped that the 
x-ray microscope, not yet perfected, wdll prove as 
flexible and as adaptable a tool. 

C. P. SW.ANSON 



Proceedings of the American Philosophical 
Society Held at Philadelphia for Promoting Useful 
Kjwwledge. Volume 92, Number 4. 

The American Philosophical Society, Philadelphia. 

s$1.00 (paper), ii + Pp. 211-323; ill. 1948. 

This number contains 7 papers on the Relation between 
International’ Affairs and the Traditional American 
Scene, presented at the .\nnual General Meeting April 
22-23, 1948. In addition, it includes the annual R. A. 
F. Penrose, Jr. Lecture, on this occasion given by Rob¬ 
ert B. Warren and entitled An Attempt at Perspective. 
Five other papers, on various topics, include the fol¬ 
lowing 3 of biological interest: The Prehistoric Archaeo¬ 
logy of Tangier Zone, Morocco (Hugh Hencken); An 
Unfamiliar Mechanism of Disease Transmission (Rich¬ 
ard E. Shope); The Mechanism of Wounding by High 
Velocity Missiles (E. Newton Harvey). 



Science News— 12,13, 14. 

Edited by J. L. Crammer. Penguin Books, Earmonis- 
worth, Middlesex. Is. 6d. each (paper), (12) 160 
pp. + 16 plates; text ill.; (13) 162 pp. -f- 10 plates; 
text BL; (14) 160 pp, 4- 16 plates; text ilL 1949. 
Among the articles in these three issues of Science 
News, the following are biological in nature: 

(12): The Light of Glow-Worms and Fire-Flies (V- B. 
Wigglesworth); Infectious Diseases and the Country 
Doctor (W. N. Pickles); Agene and your Bread; Vi¬ 
ruses (K. M. Smith); Farming Front (R. N. Higin- 
botham); Mkro-climates (Amyan Macfadyen). (13): 
Chromatography (E, Lester Smith); The Problem of 
Cancer (E. C. Dodds); Ancient Peoples o! the Andes 
(G. H. S. Bushneil); Experimental Embryology Today 
(Michael Abercrombie); Population Problems of India 
and Pakistan (S. Chandrasekhar); Chloromycetin; 
Analysis of Psychological Fields (John Cohen). (14): 
The Discovery of the Bacteriophage (F. W. Twort); 
The Bacteriophage (Felix d’Herelle); The Nature of 
the Bacteriophage (Ralph W. G. Wyckoff); Viruses 
and the Veterinary Surgeon (G. P., West); Molecular 
Architecture in Plants (R, D. Preston); The Electrical 
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Activily of the Human Brain (William A. Cobb); 
Synthetic Fibres (R. W. MoncrieS). Number 13 in¬ 
cludes, for the first time in the series, a number of 
fine color plates, illustrating the article on cbromatog- 
raohy. In Number 14, the plates have been changed 
from rotogravure to half-tone engravings, printed on 
excellent paper. The historical series on the bac¬ 
teriophage is particularly noteworthy. In all respects 
this little popular journal of science is proving its worth 
and improving its content. 

Bentley Glass 



Carnegie Institution of Washington Year Book 
Number 47, July 1, 1947-June 30, 1948. With Ad~ 
mmlsiratwe Reports Through December 10y 1948. 
Carnegie Institution of Washington, Washmgton, D. C, 
11.00 (paper); $1.50 (doth), xxxvi + 235 pp. + 5 
plates; text ill. 1948. 

In the current Year Book summaries and advance re¬ 
ports of work of a biological nature are those from the 
Division of Plant Biology, the Departments of Em¬ 
bryology and Genetics, and the Special Project of Ross 
G. Harrison. In the first of these, besides the continua¬ 
tion of the work on the photochemical activity of 
isolated chioroplasts, chlorophyll formation, and the 
occurrence and properties of chloroplast pigments, a 
very interesting report on the alga Chlorella as a source 
of food has been added. Genetic analysis of climatic 
races of Potentilla glandulosa and of the results of the 
selection experiment carried on at 3 transplant stations 
at different altitudes since 1938 represents a continua¬ 
tion of highly significant work in. plant ecological evo¬ 
lution. Ralph W. Chaney has reported his interesting 
study of a living species of Metasequoia found to be 
living in China, although the genus was supposed to 
have been extinct since the Miocene. 

At the Department of Embryology studies have been 
carried on upon: the length of the period in pregnancy 
during which the corpus luteum is necessary (Corner); 
the development of accessory reproductive org&s in 
hamsters (Faith W, Lavelle); migration of the human 
germ cells (Witschi); development of the human testis 
and ovary (Gilhnan); development of the diaphragm 
(Wells); development of the vertebrae (Sensenig); de¬ 
velopment of the cranial arteries (Padget); the mam¬ 
mary gland of the monkey (Speert); spiral arteries in 
the human ovary (Reynolds); growth of the pregnant 
uterus in the rat (Bradin); structure of the uterus in 
relation to menstruation (Kaiser); physiology of endo¬ 


metrial grafts (Kaiser); physiology of tlie uterus and 
development of a tokodjmamometer (Reynolds); e:ffects 
of anti-histaminics on the uterus (Reynolds k Kaiser); 
the source of fetal iron (Flexner); permeability of the 
llie human placenta to sodium (Flexner ct a!,); and 
the physiology of the eye (Fiexner et al). 'Xlie con¬ 
tribution to the achievements of the Department of 
Embryology made by guests and outside colla-borators 
has been very considerable and marks the ming 
influence of this group of biologists. 

At the Department of Genetics, Kaufmann kas Jiiade 
further studies of the action of purified ribo nuclease 
and pepsin on chromosomes, and also chemical studies 
of amphibian nuclei. Work on the genetic offects of 
infrared radiation and on the non-honiologoiis associa¬ 
tions of salivary gland chromosomes of BrosopUUi has 
been continued. McClintock’s investigations of the 
effects in maize of a specific activator locus, which 
causes various loci in the short arm of chrooLOSome 9 
to become unstable, have led to new and qu ite star¬ 
tling genetic concepts. The high mutability appears to 
be due to a gain by one cliromatid of something lost 
by its sister chromatid, bringing about an increase and 
decrease, respectively, of identical genetic units present 
in a reduplicated state within a locus. Oemerec and 
his coworkers have continued their extensive investiga¬ 
tions of the mutagenic potency of carcinogens and 
related compounds, of the chemical induction of muta¬ 
tions in bacteria, and of population dynamics in. bac¬ 
teria. Doermann has contributed a highly important 
study of the intracellular growth of bacterioplia^ge, using 
sonic vibrations to disrupt the bacteria at various stages 
after their infection with phage. Caspar! and Hiclards 
have studied the action of the gene a in EpFmtia on 
tryptophane metabolism, and have also analysed a- case 
of pseudoalleles in the mouse. MacDowell and his 
group have now freed the line of mouse leukemia they 
have studied from all the associated virus, atnd con¬ 
sequently have been able to analyse the effects of viras 
and leukemia separately and in combinatioa. Dob- 
zhansky has confirmed the existence of adaptive poly¬ 
morphism in Drosophila pseudoohscura dependent upon 
upon different inversions which witliin populatioas be¬ 
come coadapted through natural selection, although the 
same inversions from different populations show no 
coadaptation. Harrison has summarized his studies on 
the origin, development, and growth of the forefab in 
Amblysioma. In the development of the limk, the 
mesoderm plays the dominant role and the esetoderra 
a very subsidiary one. 

Bentley Glass 
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By EDWARD C. CANTING 
Botanical Lahoratory^ University of Pennsylvania 
(kt present: Guggenheim Fellow at the Microbiology Laboratory, University of Delft, Holland, 1950 - 51 *) 


T he water molds are usually considered 
the most primitive of the true fungi 
and are generally found on plant and 
animal substrata in aquatic or semi- 
aquatic environments. In the following 
review, an attempt has been made to gather 
together and evaluate the significant contributions 
to our knowledge of their nutrition and metab¬ 
olism. By integrating the data into an ordered 
whole, it has been possible to consider the bearing 
of nutritional criteria on some aspects of the 
phylogenetic relationships of the water molds. 

NUTRITION AND METABOLISM 

The following is a brief r&ura4 of the results 
of nutritional investigations of the water molds. 
The Chytridiaies, which to date appear to be 
completely autotrophic for all essential vitamins 
(Ajello, 1948; Quantz, 1943; Stanier, 1942; Whiffen 
1941) may be segregated into two groups. The 
first includes species which can use one or more of 
the three substances chitin, cellulose, or keratin 
as sources of carbon (Haskins, 1939; Karling, 
1945, 1946, 1947; and others). The most extensive 
investigations, however, have been made with 
those chytrids capable of decomposing cellulose. 
The ability to utilize other carbohydrates is limited 
more or less to celiobiose and glucose, the constit¬ 
uent sugars of cellulose, although xylose, mannose, 
and others may support some growth. Although 
it has been found (Quantz, 1943; Whiffen, 1941) 


that some of these fungi prefer inorganic nitrogen 
such as nitrate- or ammonium-N, Stanier (1942), 
working with RhizopMyctis, determined that ni¬ 
trate alone would not furnish this essential element. 
Folychyirium (Ajello, 1948), which can decompose 
both chitin and keratin, can utilize no carbohy¬ 
drates other than glucose and starch. Furthermore, 
although organic-N is preferred to inorganic, ni¬ 
trate and ammonium salts do support some growth. 
The second category includes fungi (Whiffen, 1941) 
which are not capable of decomposing cellulose 
and which lack the ability to grow on inorganic-N 
alone. 

The nutrition of the Blastocladiales, which ap¬ 
pears to be highly specialized, has also been 
investigated by Cantino (1948, 1949), Emerson 
and Cantino (1948), Leonian and Lilly (1938) 
Quantz (1943), and Stuben (1939). Here it would 
be wise to consider one group containing Albmyces 
and Blastockdielh^ and the other containing Blasto- 
cladia. Quantz found that both Allomyces and 
Blastocladiella lack the ability to synthesize thia¬ 
mine. Leonian and Lilly reported that AUmnyces 
does not grow on a mineral-dextrose medium 
containing ammonium nitrate, thiamine, and 
amino acids. This, however, did not demonstrate 
conclusively whether or not the fungus is hetero- 
trophic or autotrophic for thiamine. Although 
Ronsdorf (1935) found that a “bios^^ solution 
promoted growth of Allomyces, no definite con¬ 
clusions can be drawn since several vitamins were 
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probabiy present. That biotin is probably not 
necessary for growth is clear from Quantz^s work 
and unpublished results of the author on two 
strains of this fungus. Quantz indicated that vari¬ 
ous sugars, such as glucose, fructose, maltose, 
and others, yield an increase in growth over that 
obtained on a basal medium without these sugars. 
Wolf and Shoup (1943), however, in studying the 
effects of carbohydrates on the respiration of four 
species of AUomyceSj came to the conclusion that 
only dextrin (and for a single species, sucrose and 
maltose also) is rested. Since it is unlikely that 
a fungus which respires dextrin cannot respire 
glucose, these results do not present a serious 
objection to Quantz^s observations. Finally, it 
is probable that nitrate cannot be reduced by these 
organisms, and that nitrogen must be supplied 
in the form of amino acids or other organic nitrogen 
compounds (although ammonium-N may be metab¬ 
olized by AUomyces; cf. Quantz). On the other 
hand, the studies by Cantino have shown that 
Blastodadia is heterotrophic for three essential 
vitamins, namely, nicotinamide, thiamine, and 
biotin. Blastodadia can use a greater variety of 
sugars for growth than can the other two genera. 
Nitrogen must be supplied in the form of amino 
acids, and methionine seems to be an essential 
source of sulfur. This may well represent an excep¬ 
tion to current concepts that, so far as is known, no 
fungus has a natural absolute requirement for a 
specific amino acid. Indeed this should not be sur¬ 
prising in view of established requirements of this 
kind for the lactic acid bacteria. 

As yet, nothing can be said about the nutritional 
requirements of the Monoblepharidales. The flagel¬ 
lation of the zoospores offers evidence that they 
are dosely related to the Blastodadiales, but 
there are no ph)rsiologica! data which can be 
used to support or refute this point of view. 

Following the early work of Pieters (1915), 
studies on the Saprolegniales were initiated by 
various investigators(Bhargava, 1943,1945a, 1945b, 
1945c, 1946; Leonkn and Lilly, 1937, 1938, 
1946;:Moreau and Moreau,''1940; Saksena and 
Bhargava, 1941; Saksena and Bose, 1944; Vol¬ 
konsky, 1932a,, 1932b, i'933a, 1933b, 1934; Whiffen 
1945). The Saprolegniaies grow vigorously on 
various kinds of media, in which the carbon source 
may be glucose, maltose, dextrin, starch, or per- 
hap several other sugars,, and' some' amino adds.' 
-'CM varions sugars teted, however,-Whiffen found 
'fttt Mdymkis cm grow vigorously only on 


glucose, and Volkonsky determined that Apha~ 
nontyces can utilize no sugars. Most of the Sapro- 
iegniales are probably completely autotrophic for 
vitamins. On the other hand, some may have 
partially or completely lost the ability to synthe¬ 
size biotin (Bhargava, 1946; Leonian and Lilly, 
1940, and references cited therein), and in one 
instance, possibly thiamine (Whiffen, 1938). With 
the exception of Dictyuchus (Whiffen, 1945) and 
Brevilegnia (Bhargava, 1945a, 1945b), members 
of this group are not able to grow on nitrate or 
sulfate as sole sources of nitrogen or sulfur, re¬ 
spectively. Whether or not ammonium-N can be 
used in all instances, however, has not been 
clearly ascertained (cf. Volkonsky, 1932a, 1932b, 
1933a, 1933b, 1934; Leonian and Lilly, 1938; 
Saksena and Bhargava, 1941; as compared to 
Bhargava, 1945b; Whiffen, 1945). Nitrogen in the 
form of amino acids or other compounds, and 
sulfur, as cystine, methionine, gluthathione, or 
perhaps hydrogen sulfide or thiosulfate, were found 
to be generally used by those organisms investi¬ 
gated. 

In a closely related group, the Leptomitales, we 
are limited to the work of Schade (1940) on Lepto- 
miius and Apodachyla, Both fungi are completely 
autotrophic for essential vitamins. With regard to 
their carbon nutrition, however, generalizations 
cannot be made. Leptomitus is unable to assimilate 
sugars and must be supplied with other sources of 
carbon (e.g., amino or fatty acids), whereas Apo- 
dachlya grows vigorously either on sugars or amino 
acids. Furthermore, Leptomitus and ApodacMya 
differ from the Saprolegniales in two basic re¬ 
spects: (1) nitrogen must be supplied in organic 
combination, since neither nitrate nor ammonium 
compounds will support growth; (2) both organ¬ 
isms are capable of reducing sulfate to satisfy 
their sulfur requirements. 

Finally, it is necessary to consider the aquatic 
members (Pythiaceae) of the Peronosporales. Little 
is known about their carbon nutrition, although 
the studies of Volkonsky (1934) and the author^s 
work (1949) on Pythiagetofi have shown that 
various sugars may serve as suitable sources of 
carbon. It has been demonstrated conclusively that 
most of the Pythiaceae are either partially or com¬ 
pletely heterotrophic for thiamine, or one of its 
components, pyrimidine (Cantino, 1949; Fries, 
1938; Kavanagh, 1942; K6gl and Fries, 1927; 
Leonian, 1924; Leonian and Lilly, 1938, 1940; 
Lilly, 1940; Lilly and Leonian, 19^; Payette and 
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Perrauit, 1944; Robbins, 1938a, i938b, 1942; Rob¬ 
bins and Kavanagb, 1938a, 1938b; Saksena, 1935, 
1939, 1940, 1941). Although Ronsdorf (1935) re¬ 
ported that a ^‘bios’’ solution had been found to 
produce growth in four species of Phytophthora 
and in one species of Pyihium, it is clear that most 
if not all members of the Pythiaceae are not hetero- 
trophic for biotin. Finally, investigations indicate 
that sulfate is reduced by several species of 
PyiUum (Kincaid, 1929; Leonian and Lilly, 1940; 
Saksena, 1935, 1940; Volkonsky, 1934), and by 
PytUogeton (Cantino, 1949), whereas nitrogen, 
which probably can not be assimilated as nitrate 
(however, see Hawker, 1939; Ronsdorf, 1935), is 
used in organic combination and in the form of 
ammonium compounds. 

Although a knowledge of the metabolic proc¬ 
esses of aquatic Phycomycetes would undoubtedly 
be of great help in further elucidating their general 
biology and phylogenetic relationships, this phase 
of their physiology is least understood. With the 
exception of the studies of Schade and Thimann 
(1940) on LeptomituSj of Emerson and Cantino 
(1948) and Cantino (1949) on Blastocladia, and of 
some rather preliminary respiroraetric data by 
Wolf and Shoup (1943) and Shoup and Wolf (1946) 
on AllomyceSj our knowledge of the metabolism of 
the water molds is indeed nebulous. All that can 
be said from the point of view of comparative 
metabolism is that Leptomiius is a strict aerobe 
which (1) can oxidatively deaminate certain amino 
acids, (2) can oxidize various fatty acids to carbon 
dioxide and water but cannot respire sugars, and 
(3) carries on a very eflScient oxidative assimila¬ 
tion, On the other hand, Blastocladia, which is not 
closely related to Leptomitus, (1) will grow actively 
under extremely low concentrations of oxygen, 
(2) can dissimilate a number of sugars, and (3) has 
a fermentative rather than an oxidative t 3 q)e of 
metabolism. 

PHYLOGENY 

Although a great deal of interest has centered 
on the phylogeny of the water molds (Atkinson, 
1909; Bessey, 1942; Cavers, 1915; Cook, 1928; 
Mez, 1929; Petersen, 1909; Sparrow, 1935; Scherf- 
fei, 1925; Weston, 1936; and others), mycologists 
have been particularly handicapped by the lack 
of factual information necessary for a proper eval¬ 
uation <>f evolutionary phenomena. As Sparrow 


comes to appreciate the enormous lacunae in our 
present knowledge of them.” Furthermore, in the 
search for relationships, speculations have been 
based primarily on comparative morphology and 
on the mechanism of sexual and asexual reproduc¬ 
tion. Any account of phylogenetic relationships of 
the aquatic Phycomycetes, however, should take 
into consideration all dynamic aspects of their life 
processes. The critical study of nutrition and 
metabolism which has led to the proper interpre¬ 
tation of those physicochemical processes which 



CPYTHIACEAE) 

Fig. 1. Phylogenetic Relationships among the 
Water Molds, Based upon Morphological 
AND Life-Cycle Characteristics 

are characteristic of living entities may ultimately 
provide important correlative data for an integra¬ 
tion of evolutionary phenomena. 

It has been postulated by Scherfiel that aquatic 
Phycomycetes can be segregated into two main 
groups, each of which has evolved from different 
ancestors. He labeled these groups the unifiagellate 
'‘Chytridineen” and the bidageEate ^^Saproleg- 
niineen-Peronosporineen.” Sparrow (1943, p. 4) 
found himself in agreement with the main aspects 
of ScherffeFs thesis .. since they seem best to fit 
the facts we know now.” 

The relationships that exist in the aquatic 
Phycomycetes, based upon life histories and mor¬ 
phological critetia, are sumnmrized in Fig. i;Two, 


(I943j p. 3) has indicated: investigator of 

these fmigi pursues his studies for long before he or perhaps more, distinct series of water molds may 
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have arisen independeiith- from different ancestral 
groups, which in turn were probably derived from 
a primitive flagellate complex. The Blastociadiales 
are closely related to both the Chytridiales and 
the Monoblepharidales, and apparently bridge the 
‘^phylogenetic hiatus” between the two. It is 
somewhat more difficult, however, to render judg¬ 
ment on any definite point of view with regard 
to the Saprolegniales-Leptomitales-Peronosporales 
complex. The Leptomitales show clear and unmis¬ 
takable affinities with both the Saprolegniales and 
the Peronosporales, and yet the Peronosporales 
have many fundamental characters in common 
with the Saprolegniales. The Peronosporales are 
primarily terrestrial fungi and only the Pythiaceae 
can be logicaly considered as water molds. For 
this reason, assuming that terrestrial forms were 
evolved from aquatic ancestors, the Pythiaceae 
(in the Peronosporales) could be considered as the 
terminal group of the series, if only one series does 
indeed exist. Little can be said concerning the re¬ 
lationships of the Lageiiidales and Plasmodiopho- 
rales to the other orders of aquatic fungi, each of 
which appears to be composed of clearly related 
organisms. Until more extensive and precise infor¬ 
mation on life cycles, sexuality, and physiology is 
available, they cannot be considered seriously in a 
discussion of phylogenetic relationships in the 
water molds. 

An approach to the problem of nutritional evo¬ 
lution in microorganisms was made by Lwoff (1932, 
1936, 1938, 1944). Although Lwoff has dealt pri¬ 
marily with the protozoans, the general aspects of 
his thesis may apply to the water molds. In brief, 
Lwoff postulated a physiological evolution which 
led to degeneration and heterotrophism, such a 
progressive loss of capacity for synthesis rendering 
the organisms more and more dependent upon the 
environment. It is further assumed that speciali¬ 
zation in nutritional requirements is indicative of 
a highly evolved group, whereas an organism auto¬ 
trophic for ah known vitamins, and which, let us 
say, can reduce simple inorganic sources of sulfur 
and nitrogen, would be considered relatively prim¬ 
itive. 

It is, of course, possible to conceive of physio¬ 
logical evolution based on a thesis that is dia¬ 
metrically opposed to the one above. For example, 
the number of biochemical steps involved in the 
synthesis of proteinaceous materials from inorganic 
sources of nitrogen and sulfur would presumably 
exceed that necessary for the same synthesis from 


assimilable amino acids. Assuming that the greater 
degree of complexity of a biosynthetic reaction is 
characteristic of a more highly evolved condition, 
a microorganism which is capable of assimilating 
nitrate and sulfate could then be considered ad¬ 
vanced, and not primitive (cf. for example van 
NieFs 1949 discussion on evolution of photosyn¬ 
thesis). If this were used as a basis for phylogenetic 
relationships among the water molds, however, 
some fungi which appear to be the most primitive 
in their morphological and life-cycle characteristics 
would seem to possess an advanced type of metab¬ 
olism, and vice versa. For example, the Blastocladi- 
ales, usually assumed to have been derived from 
the Chytridiales, would be characterized by a prim¬ 
itive metabolic mechanism, whereas the chytrids 
would have to be considered as representing a more 
highly advanced level of development. Admittedly, 
from a speculative point of view, physiological 
evolution may have involved either a progressive 
loss in synthetic capacities with its associated de¬ 
crease in complexity of the metabolic mechanism, 
or a progressive increase in synthetic capacities and 
a similar increase in complexity of the metabolic 
mechanism, or both. A consideration of our knowl¬ 
edge of higher plants and animals would seem to 
indicate that in the main evolution has progressed 
toward specialization, but with an associated in¬ 
crease in anatomical and morphological complex¬ 
ity. However, as van Niel (1949) has indicated, 
“it will be necessary to accept the occurrence of a 
physiological evolution characterized by a loss of 
synthetic ability, and it is even probable that this 
is the chief if not the exclusive route by which the 
vast majority of now living organisms have orig¬ 
inated.’^ For the present discussion, it will be 
assumed that synthetic capacities have evolved, 
in the sense of Lwoff, toward specialization, with 
an associated decrease in complexity of biosyn¬ 
thetic reactions. 

Such an approach in conjunction with life-cycle 
and morphological data may help to establish 
further criteria with which to evaluate phylogenetic 
relationships in the water molds. Because of the 
relative lack of physiological criteria for interpret¬ 
ing fundamental relationships, the basic skeleton 
of any phylogenetic scheme in the water molds 
must of necessity (for the present) be based solely 
on morphological and life history data. The 
author’s approach is on this basis. Physiological 
criteria, then, must be applied from a supple¬ 
mentary point of view. As such, they may provide 
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further standards for judging relationships which 
are already well-founded on morphological 
grounds. Furthermore, 


instances where mor- 


sider nutrition and metabolism per se as a separate 
entity. Although the biological activities of any 
organism are the result of many interrelated fac- 
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Fig. 2. Phylogenetic Relationships among the Water Molds, Based 
UPON Nutritional Characteristics. 

The term ^doss of ability” is restricted in meaning. Most investigations of nitrogen nutrition in the fungi 
have attempted to show that a given organism can or cannot use, let us say, nitrate as the sole source of this 
element. However, in those instances where amino acids are required for growth, it has seldom if ever 
been shown by analysis whether or not nitrate- or ammonium-N is actuaUy assimilated simultaneously. 
Therefore, for example, ‘doss of ability to assimilate nitrate” implies that this substance, whm used as the 
sole source of nitrogen, will not support growth. 


phological evidence is insufficient, it may be pos- tors, the progressive losses in synthetic abilities 
sible to use nutritional and metabolic data to and the fundamental changes which may have 
shift the emphasis in one direction or another, occurred in their metabolic processes are in them- 
Thus a more satisfactory explanation of phytogeny selves worthy of investigation. It may logically 
might be achieved. Finally, it is of interest to com be objected that the production of many single- 
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gene biochemical mutants in Neurospora without 
associated morphological changes should presup¬ 
pose caution in emphasizing nutritional criteria 
in evolutionary phenomena. If such results are 
ultimately obtained among the aquatic Phyco- 
mycetes, where biochemical genetic studies have 
not been made, physiological characteristics may 
stiU prove to be significant in a relatively homo¬ 
geneous morphological framework where other 
criteria are not available. 

The relationships among the water molds may 
now be considered on a nutritional basis (Fig. 2). 
In the uniflagellate series, any definite conclusion 
is necessarily premature. The Blastocladiales, 
which have lost the ability to synthesize thiamine, 
cannot decompose cellulose, and cannot grow on 
inorganic sources of nitrogen, appear to have been 
derived from the chytrids, whose nutritional re¬ 
quirements are somewhat less exacting. The fact 
remains, however, that only a small fraction of the 
chytridialian complex has been studied in pure 
culture; whether or not a narrow range of syn¬ 
thetic abilities characterizes the group as a whole 
is not known. In the Blastocladiales, a represen¬ 
tative of each genus has been investigated, and 
the results of the studies of vitamin and nitrogen 
nutrition are generally consistent. Finally, al¬ 
though nutritional criteria may be useful in reflect¬ 
ing on the derivation of the Monoblepharidales 
nothing is known of their nutrition and metab¬ 
olism, and further consideration must wait until 
physiological data are available. In conclusion, it 
is impossible to decide if evolution in the uni¬ 
flagellate series has been entirely developmental 
and morphological, occurring within a nutritional 
framework encompassing either a narrow or a wide 
range of synthetic ability; or if synthetic capaci¬ 
ties have evolved in a unidirectional manner within 
the heterogeneous morphological framework of 
this group. 

Assuming that zoospore flagellation is a char¬ 
acter of fundamental import in phylogenetic con¬ 
siderations, the biflagellate series has evolved along 
an Independent path from that of the uniflagellate 
aimplex. Using this as a basic h3q)othesis, we come 
to a consideration of their losses in synthetic 
capacities, based upon the results of a relatively 
large number of investigations. Only two organ- 
'kms, Di€tymhus and Brmiegma, which are obvi¬ 
ously saprole^iacEous fungi in their morpho¬ 
logical and soEual' 'characteristics, seem to differ 
- apt>recklfly from the other members of; the order. 


They are less specialized than most of tlie Sapro- 
legniales in their ability to utilize sulfate and 
nitrate, whereas the group as a whole has lost the 
ability to grow on such sources of sulfur and 
nitrogen. It is possible that some members of the 
order may no longer be able to synthesize biotin, 
but the evidence indicates that most of them are 
completely autotrophic for vitamins. 

Although the Leptomitales have completely lost 
the ability to grow on inorganic sources of nitro¬ 
gen, they have retained their capacity to reduce 
sulfate. The latter characteristic would tend to 
place them in a distinctly different category from 
that of the Saprolegniales; they seem, indeed, to 
have evolved along a completely independent path. 

Finally, the aquatic members of the Perono- 
sporales have certain characteristics in common 
which set them apart from the two foregoing 
groups. Almost all of the Pythiaceae have suffered 
a partial or complete loss of ability to synthesize 
thiamine, and in some cases only the pyrimidine 
half of the molecule is produced. They differ 
basically, therefore, from the Leptomitales and 
Saprolegniales, neither of which requires thiamine. 
Evidence indicates that whereas the Pythiaceae 
have not lost the ability to reduce sulfate and thus 
resemble the Leptomitales, they are able to use 
ammonium-nitrogen but cannot grow on nitrate 
alone. 

Is it significant that nutritional requirements, 
at this stage in our knowledge, are rather con¬ 
sistently different among these three major orders? 
It is not implied that a sharp dichotomy exists 
between those organisms requiring organic N and 
those which can use inorganic N such as ammonium 
compounds, since the loss of ability to synthesize 
one of any number of amino acids would result in 
a dependency upon a supply of organic N. The 
number of essential S-containing compounds is 
much more limited, and the ability or inability to 
reduce sulfate would seem to be of greater sig¬ 
nificance. It is supposed, then, that progressive 
losses in the synthetic capacities of the Saproleg- 
niales-Leptomitales-Peronosporales complex have 
evolved along two independent paths, one having 
given rise to the Saprolegniales, and the other to 
the Peronosporales and Leptomitales. From a 
strictly nutritional point of view, the Leptomitales 
are therefore more dosely related to the Pero¬ 
nosporales than to the Saprolegniales. 

The foregoing discussion when considered in 
toto pointS; dearly to the fact that no one set of 
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criteria can be considered exclusive of all others 
in appraising phylogenetic relationships. For ex¬ 
ample, if nutritional criteria alone were to be em¬ 
ployed in such evaluations, it would be possible 
to hypothesize that the Peronosporales gave rise 
to the Blastocladiales. This would have involved 
a loss of capacity to reduce sulfate, with further 
losses in the synthetic abilities of Blastodadia to 
produce other essential vitamins. On the basis of 
morphological evidence and the details of life 
histories in these two groups, such an hypothesis 
would be absurd. In the Saprolegniales-Pero- 
nosporales-Leptomitales complex, however, where 
the relationships within the group are not yet rea¬ 
sonably clear, it is possible to show how nutritional 
characteristics may have been evolved. It is evident 
that nutritional criteria need not have evolved 
during the same time interval, indeed not even 
along the same paths, as those other criteria based 
on morphology and life histories. It is not neces¬ 
sarily implied that because the nutritional char¬ 
acteristics of the Leptomitales and Peronosporales 
seem to have evolved along different lines from 


the Saprolegniales, the evolution of morphological 
criteria should follow this same pattern. Future 
investigations of the biology of the ivater molds 
will undoubtedly help the mycologist to determine 
whether or not the nutritional evolution of the 
group can be reconciled with existing morpho¬ 
logical relationships. 

SUMMARY 

A survey of the literature indicates that there 
exist inter-ordinal differences in the nutritional 
requirements of the aquatic Phycomycetes. 

1. In the uniflagellate series, those Blastocladi¬ 
ales which have been investigated appear to be 
more highly evolved, in the sense of Lwoff, than 
the Chytridiales; but the evidence is insufficient 
to warrant any far-reaching generalization. 

2. In the biflagellate series, the Leptomitales 
and the aquatic members of the Peronosporales 
are more closely related to one another in their 
synthetic capacities than either is to the Sapro¬ 
legniales. 


LIST OF LITERATURE 


Ajello, L. 1948. A cytological and nutritional study 
of Polychyirkm aggregatum. 11. Nutrition. Amer, 
/. BoL, 35: 135-140. 

Atkinson, G. F. 1909. Some problems in the evolu¬ 
tion of the lower fungi, Ann. Mycologici^ 7: 
441-472. 

Buargava, K. S. 1943. Physiological studies of some 
members of the family Saprolegniaceae. I. Enzyme 
action. J. Ind. hot. Soc.^ 22: 85-99. 

-. 1945a. Physiological studies of some members 

of the family Saprolegniaceae. IL Sulfur and 
phosphorus requirements. Proc. Ind. Acad. Set., 
21B: 34^349. 

-. 1945b. Physiological studies of some members 

of the family Saprolegniaceae. III. Nitrogen re¬ 
quirements. X Ind. hot. Soc.y 24: 67-72. 

-. 194Sc. Physiological studies of some members 

of the family Saprolegniaceae. IV, Carbohydrate 
requirements. IJoydia, 8: 60-68. 

-—. 1946, Physiological studies of some members 
of the family Saprolegniaceae. V. Growth sub¬ 
stances. Uoydia, 9: 13-23. 

Bessby, E. a. 1942. Some problems in fungus phy- 
logeny. Mycologia.^ 34: 355-379. 

Canting, E. C. 1948. The vitamin nutrition of an 
isolate of Blastodadia Pringsheirnii. Amer. J. 
Bo/., 35 : 238-242. 

—. 1949. The physiology of the aquatic Phyco- 
myqete, Blastodadia Prin^sMmUf with emphasis 
on its nutrition and metabolism. Amor. Jt. Boi, 
;;36:'95-112. 


-. 1949. The growth and nutrition of Pythk 

ogeton. Amer. J. BoL, 36: 747-756. 

Cavers, F. 1915. The inter-relationships of Protista 
and primitive fungi. Now Phytologistf 14:94-104, 
164-168, 223-227, 275-280, 302-304. 

Cook, W. R. I. 1928. The inter-relationships of 
the Archimycetes. N&w Phytologistj 27: 230-260, 
298-320. 

Emerson, Ralph, and E. C. Cantino. 1948. The 
isolation, growth, and metabolism of Blastodadia 
in pure culture. Amer. J. BoL, 35: 157-171. 

Fries, N. 1938, tlber die Bedeutung von Wuchs- 
stoffen fiir das Wachstum verschiedener Pilze. 
Symholao Bot. UpsaliensiSf 3: 1-188. 

Haskins, R. H. 1939. Cellulose as a substratum 
for saprophytic Chytrids. Amer. J. Bot.j 26: 
635-639. 

Hawker, L. E. 1939. The nature of the accessory 
growth factors influencing growth and fruiting 
of Melamspora destruens Shear and of some other 
fungi. Am, Bot., 3:657-676, 

Karling, j. S. 1945. Brazilian Chytrids. VI. RMo- 
palopMyctis and Ckykiomyces, two new chitino- 
phylic operculate genera. Amer. /. Bok, 32: 
362-369. 

-. 1946. Eeratinophylic Chytrids. I. ^RMmphy-^ 

dium heradnopUlmn n.sp., a saprophyte isolated 
on, huinan "hair ■: and, its,■ parasite^' FMyciMmm ' 
, mycetop'kagnim "ntSp. ■, Am^. J.lBot., 33: 751-757. 
-."\,1947.' '''/EJeritinophylic' 'Chytrids.y H. 'EMyckh^ 

, fima mtiSdlh n* sp- '' Amm. X, '34:'37^2. 



276 


THE QUARTERLY REVIEW OF BIOLOGY 


Kavanagh, F. 1942. The interaction between tMa- 
min and four fungi. Historical review. Bull. 
Tofrey hot. Club., 69 : 669-690. 

Kincaid, R. R. 1929. Inorganic Sources of Nitrogen 
for Certain Fungi. Unpublished M. A. thesis, 
Univ. Missouri. 

Kogl, F., and N. Fihes. 1927. Uber den Einfluss 
von Biotin, Aneurin und Mesoinosit auf das 
Wachstum verschiedener Pilzarten. Eoppe-Seyl. 
Z., 249: 92-ilO. 

Leonian, L. H. 1924. On the physiology of the 
genus Fhytophtkora. Fhyiopath.^ 14: 32. 

-, and V. G. Lilly. 1937. Is heteroauxin a 

growth-promoting substance? Amer. J. Bot., 24: 
135 - 139 . 

-, and -. 1938. Studies on the nutrition of 

fungi. I. Thiamin, its constituents, and the source 
of nitrogen. FkyiopM., 28; 531-548. 

-, and-. 1940. Auxithals synthesized by some 

filamentous fungi. Flmt Physiol.^ 15: 515-525. 

Lilly, V. G. 1940. Fungi for thiamin (vitamin Bi) 
assay. Froc* W, Va, Acad. Sci., 13: 72-77. 

-, and L. H. Leonian. 1940. The growth rate 

of some fungi in the presence of cocarbox>dase 
and the moieties of thiamine, Froc. W. Va. 
Acad. Sci.^ 14: 44-49. 

Lwokf, a. 1932. Reckerches sur la Nutrition des 
Frotozoaires. Monographies Inst. Pasteur, Paris. 
Masson et Cie, Paris. 

-. 1936. Etudes sur les fonctions perdues. Ann. 

FermmiaiionSj 2: 419. 

-. 1938. Les facteurs de croissance pour les 

mkroorganismes. Rapport au let Cong. Intern. 
Aw. Micfohiologisies^ p. 58. 

-. 1944, VEvolution Physiologique: Etude de Per- 

te^ de Fonctions ckez les Microorganismes. 308 
pp. Hermann & Cie., Paris. 

Mez, C. 1929. Versuch einer Stammengeschichte 
des Pilzreichs. SckrifL Konigsberg. GdekrL Ges. 
Natwwiss. KLj 6: 1-58. 

Mobead, F., and Mme. F. Moseau. 1940. Recher- 
ches sur les Saprolegnd6es. Ann. Sci. Nat. Bot. 
(XL Ser.), 1 : 221-358. 

Payette, A., and C, Perrault. 1944. Action de 
la tHamine sur le Phytophthora infestans (mont.) 
de Bary. Canad. J. Res,, Section C, BoL Sci., 
22 : 127-132. 

Petersen, H. E. 1909, Studier over Ferskvands- 
Phycomyceten. Bidrag til Kundskaben om de 
submerse Phykomyceters Biologi og Systematik, 
samt om deres Udbredelse i Danmark. Bot. 
Tidsskr., 29: 345-440.' 

Pieters, A. J. 1915, The relation between vegeta¬ 
tive vigor and reproduction in some Saprolegnia- 
ceae. Amer. J. Bot, 2: 509-576. 

Qua^z, L, 1943. Untersuchungen zur Ernahrungs- 
physioiogie einiger niederer Phycomyceten. Jb. 
- mu. BoLi 91: 1'2Q-168. :: ' 


Robbins, W. J. 1938a. Thiamine and growth of a 
species of Phytophthora. Bull. Toney hot. Club, 

65: 267-276. 

-. 1938b. Organisms requiring vitamin Bi. 

Froc. Natl. Acad. Sci. U.S.A., 24: 53-56. 

-. 1942. A pyrimidine analog of thiamine and 

the growth of fungi. Froc. Natl. Acad. Sci. 
U.S.A., 28: 352-355. 

-, and F. Kavanagh. 1938a. Thiamine and 

growth of Pythium Butleri. Bull. Torrey hot. 
Club, 65 : 453-461. 

-. 1938b. Vitamin Bi or its intermediates and 

growth of certain fungi. Amer. J. BoL, 25: 
229-236. 

Ronsdore, L. 1935. Vergleichende Untersuchungen 
fiber die Wirkung verschiedener Wuchsstoffe auf 
das Wachstum einiger Pilze. Arch. Mikrobiol., 
6: 309-325. 

Saksena, R. K. 1935. Reckerches Fhysiologiques et 
Cytologiques sur Quelque Especes du Genre Pythium. 
120 pp. Libr. Generale de FEnseignement, Paris. 

-, 1939. Importance of growth promoting sub¬ 
stances in the metabolism of Pythium indigoferal 
Butler. Business Matters Natl. Acad. Sci., India. 

-. 1940. The nutrition of some species of the 

genus Pythium on synthetic liquid media. Froc. 
nail. Acad. Sci. India, 10: 1-13. 

-. 1941. Thiamin and growth of some species 

of Pythium. Proc. Ind. Acad. Sci., B., 14: 141- 
148. 

- , and K. S. Bhargava. 1941. A physiological 

study of Sapfolegnia delica Coker. Proc. natl. 
Acadu Sci., India, 11: 27-40. 

-, and S. K. Bose. 1944. The enzymes of two 

water molds. J. Ind. hot. Soc., 23: 108-112. 

ScsADE, A. L. 1940. The nutrition of Leptomitus. 
Amer. J. BoL, 27: 376-384. 

-, and K. V. Thiilann. 1940. The metabolism 

of the water-mold, Leptomitus lacteus. Amer. 
J. BoL, 27: 659-670. 

ScosERFEEL, A. 1925. Endophytischc Phycomyceten- 
Parasiten der Bacillariaceen und einige neue Mona- 
dinen. Ein Beitrag zur Phylogenie der Oomyceten 
(Schroter). Arch. Protistenk., 52: 1-141. 

Shoup, C. S., and F. T. Wolf. 1946. The action 
of cyanide upon the respiration of the aquatic 
fungus, AUomyces. J. cell. comp. Physiol, 28: 
365-379. 

Sparrow, F. K., Jr. 1935. The interrelationships 
of the Chytridiales. Proc. 6th iniernat. hot. Cong. 
Amsterdam, 2: 181-183. 

-. 1943. Aquatic Phycomycetes. Univ. Michigan 

Press, Ann Arbor. 

Standee, R, Y, 1942. The cultivation and nutrient 
requirements of a Chytridiaceous fungus, Rhizo- 
pMyctis rosea. J. BacL, 43 : 499-520. 

SxoBEN, H. 1939. tiber Entwicklungsgeschichte und 
Eni§,hrungsphysiologie eines neuen niederen Phy- 



NUTRITION AND PHYLOGENY IN WATER MOLDS 


277 


comyceten mit Generationswechsel. Plantaj 30: 
353-383. 

VAN Niel, C. B. 1949. Tlie comparative biochemis- 
try of pbotosynthesis. Chap. 22, pp. 437-495, 
in Photosynthesis in Plants, J. Franck and W. E. 
Loomis, eds. Iowa State Coii. Press, Ames. 
Volkonsky, M. 1932a. Culture de Saprolegnia sp. 
en milieu synthetique. C. r. Soc. Biol., Paris. 
109: 528-530. 

-. 1932b. Utilization de difterentes combinaisons 

du soufre par Saprolegnia sp. C. r. Soc. Biol., 
Paris, 109: 614r-616. 

-. 1933a. Sur les conditions de culture et le 

pouvoir de synthase de Saprolegnia sp. Ann. 
Inst. Pasteur, 50: 703-730. 

-. 1933b. Sur Tassimilation des sulfates par les 

champignons: euthiotrophie et parathiotrophie. 
C. r. Acad. Sci., Paris, 197: 712-714. 


-. 1934. Sur la nutrition de quelques champig¬ 
nons saprophytes et parasites. Ann. Inst. Pasteur, 

58: 76-101. 

Weston, W. H., Jr. 1936. The bearing of recent 
investigations on the relationships of the aquatic 
Phycomycetes. Proc. 6th internal. bat. Cong., Am¬ 
sterdam, 1: 266-268. 

Whefeen, a, J. 1938. Aphanomyces phylophilus in 
culture. Amer. J. Bot., 25 : 649-650. 

-. 1941. Cellulose decomposition by the sapro¬ 
phytic Chytrids. /. Elisha Mitchell sci. Soc., 
57: 321-330. 

-. 1945. Nutritional studies of representatives 

of five genera in the Saproiegniaceae. /. Elisha 
Mitchell sci. Soc., 61: 114-123. 

Wolf, F. T., and C. S. Shoup. 1943. The effects of 
certain sugars and amino acids upon the respira¬ 
tion of AUomyces. Mycologia, 35: 192-200, 
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I N current biological and biochemical research 
a great deal of attention is being directed 
toward the nucleic acids and nudeoproteins 
and the role, or roles, which they play in life 
processes. Through the efforts of the cyto- 
chemist the nucleic acids may be identified, local¬ 
ized, and quantified within individual cells. Such 
cytochemicai observations afford an important 
link between the chemistry of tissue extracts and 
the physiology of the living cell. As Danielli has 
emphasized (1946, 1947), the validity of the ob¬ 
servations, and consequently of the hypotheses 
drawn from them, depends on the reliability of the 
methods by which the material is prepared. Al¬ 
though some of the older papers dealing with the 
cytochemicai techniques have been summarized in 
the reviews by Gersh (1941) and Dempsey and 
Wislocki (1946), there has been no comprehensive 
review of the more recent literature. The purpose 
of this paper is to review the most pertinent litera¬ 
ture concerning the cytochemicai techniques for 
studying the nucleic adds and to discuss their 
validity as specific tests. 

When the tytochemist attempts to interpret the 
results of qualitative or quantitative tests run on 
tissue sections, he is confronted with many unique 
and baffling problems. Chemical reactions wi thin 
the cell are seldom, if ever, subject to the controlled 
conditions of test-tube chemistry, but take place 
within the peculiar chemical and physical condi¬ 
tions found in protoplasm. Furthermore, most of 
the present cytochemicai reactions are ran on dead 
cels. Since very little is known of the effect of 
death by various causes on the physical and chem¬ 
ical condition of protoplasm, any attempt to extra¬ 
polate from the dead to the living state is fraught 
with danger. Thus, the very nature of the material 
imposes on the C 3 ^och«mist limitations which must 
be kept in mind in evaluating the techniques and 
in inteipretmg the rmlts. 

More specifically, in considering the validity of 
any c^ochemicai technique, special condd^tion 


should be given to the folowing points: (1) the 
specificity of the chemical reaction between the 
substance to be identified and the test reagents, 
(2) the accuracy and the ease with which the reac¬ 
tion product may be detected within the cell, (3) 
the degree to which the protoplasmic constituents 
are retained with a minimum distortion from the 
living conditions, (4) the extent to which the proto¬ 
plasmic constituents or the reaction products are 
diffusible, (5) the degree to which the reacting 
groups come into contact with each other and are 
free to react, that is, are not bound in such a way 
that the expected reaction cannot occur. If quanti¬ 
tative determinations are desired, consideration 
must be given to such additional factors as: (6) 
the number of reacting groups which may be in¬ 
volved in the dye binding or the color reaction, (7) 
the orientation and aggregation of the reacting 
protoplasmic material or the reaction products, 
(8) the exact thickness of the cytological prepara¬ 
tion, and (9) the sensitivity and accuracy of the 
means of determining the amount of light absorbed 
by the specific compounds being analyzed. 

SFECmaXY OF THE REACTION 
1. Chemistry of the Nucleic Acids 

Information concerning the chemical properties 
of the nucleic acids is essential for any discussion 
of the specificity of the cytochemicai tests. For this, 
the cytochemist is dependent on the results of 
chemical investigations. Since the chemistry of the 
nucleic acids has recently been thoroughly re¬ 
viewed (Chargaff and Vischer, 1948; Gulland, 
Barker, and Jordan, 1945; Loring, 1944) and its 
various aspects have been extensively discussed 
in the three symposia held in 1947 (Cold Spring 
Harbor Symposia on Quantitative Biology, 12; 
Symposia of the Society for Experimental Biology, 
1; Symposium on the Chemistry and Metabolism 
of Nudeic Acids and their Constituents, Federa- 
tion Proceedings, 0), a detailed review of the liters 
278 :.' ■ 
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ature will not be given here. Only those facts and 
concepts which are of special significance to the 
cytochemist will be discussed. 

A comparison of the information and viewpoints 
expressed in the older reviews (Levene and Bass, 
1931; Allen, 1941; Mirsky, 1943; Greenstein, 1944) 
with those of the more recent papers shows that 
the concepts concerning the chemistry of the 
nucleic acids have changed greatly within the last 
few years. The present state of knowledge of the 
nucleic adds has been compared with that of the 
proteins at the beginning of this century (Chargafi 
and Vischer, 1948). Not only is there a relatively 
small amount of well established information, but 
also many of the data which were obtained by the 
earlier investigators are now regarded with sus¬ 
picion because of serious faults in the techniques 
they used. This state of affairs has led to consider¬ 
able confusion in the biochemical literature, and 
the confusion has often been refiected in the cyto- 
chemical papers. 

That the nucleic acids can be grouped into two 
main t 3 q)es on the basis of easily detectable chemi¬ 
cal differences has been known since the early days 
of nucleic acid chemistry. Various terms, such as 
thymonucleic or desoxyribonucleic acid, and yeast 
or ribonucleic acid, have been used to distinguish 
the two types. Since a complete characterization 
of the hydrolytic products has been carried out for 
nucleic acids from only a few types of material, 
more accurate terms for the designation of those 
nucleic acids in which the sugars have not been 
identified are desoxypentose nucleic acid and pen¬ 
tose nucleic acid. Substances identified in the hy¬ 
drolytic products from such typical desoxypentose 
nucleic acids as fish sperm and beef thymus ex¬ 
tracts are: 2-desoxy-i>-ribose, two pyrimidines (thy¬ 
mine and cytosine), two purines (adenine and 
guanine), and phosphoric acid. Substances identi¬ 
fied in pentose nucleic acid hydrolysates of such 
thoroughly studied materials as yeast, pancreas, 
liver, and tobacco mosaic virus, are: n-ribose, two 
pyrimidines (uracil and cytosine), two purines 
(adenine and guanine), and phosphoric acid (Lev¬ 
ene and Bass/1931; Gulland, Barker, and Jordan, 
1945; ChargaJff and Vischer, 1948). These results 
suggest that the component substances in the two 
types of nudeic acid are the same except for the 
presence or absence of an hydroxyl group on carbon 
2 of the pentose sugar and of a methyl group on 
^rbon 5 of one of the pyrimidine bases. 

The fact that these products are consistently 


tamed from nucleic acids gave rise to an assump¬ 
tion, formerly widely accepted, that there are only 
two kinds of nudeic acids and that they have a 
relatively constant composition. In a recent critical 
review of the older analytical work, Gulland (1947a) 
pointed out that the yield of known substances in 
hydrolyzed nucleic acids is far from quantitative 
and that little serious effort to identify other sub¬ 
stances seems to have been made. Many of the 
most widely used biochemical tests detect only 
groups within the molecule, such as pentose sugars, 
desoxycarbohydrates, or some of the purine or 
pyrimidine groupings. The careful, complete iden¬ 
tification of the hydrolytic compounds is often 
neglected. Furthermore, the drastic chemical pro¬ 
cedures usually used in extracting, purifying, and 
hydrolyzing the nudeic acids may very well de¬ 
stroy certain groups, fail to liberate others, lead to 
interconversion of compounds, or in other ways 
produce artifacts. In view of these factors, a num¬ 
ber of the most competent of modern biochemists 
(GuUand, Barker, and Jordan, 1945; Gulland, 
1947a, b; Loring, Ordway, Roll, and Pierce, 1947; 
Vischer and Chargaff, 1948) have felt that in most 
instances the data are not sufficiently precise to 
permit definite conclusions concerning the com¬ 
position of nucleic acids. If the nucleic acids cannot 
be regarded as having a constant composition, it 
follows that conclusions from cytochemical tests 
can be drawn only for the specific group which the 
procedure detects. 

In considering the nucleic acids of the cell, of 
course, neither the biochemist nor the cytochemist 
is dealing with the separate components but rather 
with a complex nudeic acid molecule or macro¬ 
molecule. Thus, the way in which the components 
are combined in the protoplasmic complex becomes 
of great importance. It has long been known that 
hydrolysis of isolated and purified nucleic acids 
yields nucleotides, each of which consists of a 
sugar, a nitrogen base, and phosphoric acid. Alka¬ 
line hydrolysis of a purijfied nucleotide prqjaration, 
or of the intact nucleic acid molecule itself, will 
split off phosphoric acid, leaving a base-sugar 
complex termed a nudeoside. On the other hand, 
the nitrogen bases may be removed by acid hydrol¬ 
ysis, leaving phosphoric esters of the sugar. The 
ease with which the bases are split off varies with 
the different types; the purines are liberate by a 
relatively mild acid hydrolysis^ while the pyrimi¬ 
dines are split only by niuch more drastic treat¬ 
ment (Osborne and Heyl, T^l§; Vi^et and Char- 
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gaff 5 1948). Many of the details concerning the 
nature of the linkages between the components of 
the individual nucleotides have been determined 
(Gulland, i947b; Lythgoe and Todd, 1947). It is 
generally accepted that sugar-phosphate ester link¬ 
ages bind the mononucleotides together, but the 
esact structure of none of the polynucleotides is 
completely known (Gulland, 1947b; Chargaff and 
Vischer, 1948). 

The early investigators found the quantitative 
yields of the hydrolytic products of nucleic acids 
to be in keeping with the h>q3othesis that four 
mononucleotides, each containing one of the four 
different bases, are united in a fixed pattern to 
form a basic tetranucleotide out of which larger 
molecules are formed. Recent investigations, how¬ 
ever, have indicated that neither the concept of a 
structural tetranucleotide with regularly arranged 
components nor that of a statistical tetranucleotide 
with the components present in equimolecular pro¬ 
portions is in harmony with all of the known data 
(Gulland, 1947a, b; Gulland, Barker, and Jordan, 
1945; Loring, Ordway, Roll, and Pierce, 1947; 
Vischer and Chargaff, 1948). Thus, it is possible 
that nucleic acids present in different organisms, in 
different types of cells, or in the same cell at differ¬ 
ent physiological or developmental stages, may 
differ both in the number and kinds of nucleotides 
present and in their arrangement within the poly¬ 
nucleotide structure. 

Since both types of nucleic acids may be ob¬ 
tained from tissue extracts in the form of large, 
highly asymmetric particles (Greenstein, 1944; 
Hetcher, Gulland, Jordan, and Dibben, 1944), it 
has usually been concluded that the nucleotides 
are present in the cell in a highly polymerized 
condition. The desoxypentose nucleic acids, in gen¬ 
eral, appear to be more highly polymerized than 
the pentoses. How^ever, the data showing that par- 
tide size may vary with the extraction procedures 
and the subsequent treatment of the solution (Gul¬ 
land, Barker, and Jordan, 1945) suggest that 
processes of poljmierization or depolymerization 
may take place during the chemical procedures. In 
view of evidence of this nature, caution should be 
used in extrapolating from the physical properties 
found m solutions of isolated' nucleic adds to the 
condition in living protoplasm. 

These large complex pol 3 mudeotides, still im¬ 
perfectly understood chemically, are the substances 
'ifhich' the cytochemist attempts to detect and to 
localize,wi'thin the cell. Up to the present time only 


a few techniques for doing this have been de¬ 
veloped, all of which are based on reactions with 
only one of the components or wth a specific group 
within the molecule. The Feulgen reaction is used 
to detect the presence of a desoxypentose. Basic 
stains supposedly react with the acidic groups of 
both pentose and desoxypentose nucleic acids. The 
specificity of the stain reaction is often tested by 
combining staining procedures with a treatment of 
adjacent sections with agents that remove the 
nucleic adds, i.e., ribonuclease, desoxyribonuclease, 
and acid hydrolysis. Special apparatus, constructed 
to measure the ultraviolet absorption in cytological 
preparations, may detect the characteristic absorp¬ 
tion of the purine and pyrimidine skeletons of the 
nucleic acid molecule. A positive reaction with any 
one of these tests may be indicative of the presence 
of nucleic acid within the cell. 

2. The Feulgen Reaction 

One of the most widely used cytochemical reac¬ 
tions is the test, first worked out by Feulgen and 
Rossenbeck (1924), for the sugar obtained by hy¬ 
drolysis of desox>q)entose nucleic acid. Many mod¬ 
ifications of the original technique have been 
made, but the ones most often employed are the 
procedures of de Tomasi (1936) and Stowell (1945). 
Essentially, the reaction consists of two parts: a 
short hydrolysis with normal hydrochloric acid 
heated to 60° C., followed by reaction of the hydro¬ 
lyzed sugar with leucofuchsin to produce a ma¬ 
genta-colored compound. Neither unhydrolyzed 
desoxyribonucleic acid nor ribonucleic acid give 
this reaction. Since the Schiff^s fuchsin-sulfurous 
acid reagent used in the Feulgen test has long been 
used as a qualitative test for aldehyde groups, the 
assumption is made that the effect of hydrolysis is 
to liberate free aldehyde groups in the desoxyribose 
molecule. The purplish-red compound formed by 
the Schiff reaction is generally thought to be a 
complex formed by the union of the free aldehyde 
with the decolorized pararosaniline (Rumpt, 1935; 
Schriner and Fuson, 1944). 

The chief discussions concerning the validity of 
the technique as a specific cytochemical test have 
arisen from the difficulty of determining the exact 
effect of hydrolysis on the desoxyribonucleic acid 
in a tissue. Within the last year several reports of 
chemical and cytochemical studies on the effect of 
Feulgen hydrolysis have been made (Di Stefano, 
1948a, b; Overent and Stacey, 1949; Li and Stacey, 
1949; Ely and Ross, 1949a) . 
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There is general agreement that one of the first, 
if not the first, effect of hydrolysis in normal hydro* 
chloric acid at 60*^ C. is a liberation of purines. Li 
and Stacey (1949) have succeeded in isolating pu¬ 
rines in the crystalline form and as picrates from 
hydrolysates of desoxyribonucleic acid. Most in¬ 
vestigators, however, have not actually isolated 
the purines but have used characteristic ultraviolet 
absorption at 2600 A as indicative of their presence. 
The reason for thinking that the absorbing sub¬ 
stances are largely purine rests on chemical evi¬ 
dence that very drastic procedures, such as auto¬ 
claving at 175° C. for several hours (Vischer and 
Chargaff, 1948), are required to remove pyrimi¬ 
dines from desoxyribonucleic acid. 

As a result of their experiments, Stacey and his 
coworkers (Li and Stacey, 1949; Overent and 
Stacey, 1949) concluded that the splitting of the 
glycosidic purine-desoxyribose linkages permits the 
shifting of a significant portion of the sugar from 
the furanose to the aldehyde configuration, thus 
freeing aldehyde groups for reaction with the Feul- 
gen reagent. Since the colored complex formed 
after a short hydrolysis is insoluble, they concluded 
that the sugars are still bound in the polynucleotide 
chain by their phosphate linkages. Li and Stacey 
also presented evidence that procedures which re¬ 
sult in a change in the physical state of the macro¬ 
molecule, such as depolymerization, also liberate 
aldehyde groups. 

It has been suggested by Li and Stacey (1949) 
and Di Stefano (1948a, b) that during the period 
of time required for the attainment of a maximum 
intensity of stain there is a progressive splitting of 
purines and freeing of aldehyde groups and that 
few, if any, additional changes occur. A point of 
maximum intensity of the Feulgen reaction was 
found to be reached after 12 minutes of hydrolysis 
by Di Stefano (1948b), and after 20 to 30 minutes 
by Ely and Ross (1949a). Both Bauer (1932) and 
Hillary (1939) found that the time required to 
reach a maximum intensity varies with the fixa¬ 
tives used in preparing the tissues; if solutions con¬ 
taining chromic acid are used the time varies from 
5 to 30 minutes, while tissues fixed in solutions not 
containing chromic acid require only 4 to 8 min¬ 
utes. The exact time for the attainment of max¬ 
imum intensity of reaction is thus seen to vary 
under different exiierimental conditions. The above 
investigators also found that there is a progressive 
diminution in the intensity of the reaction if the 
time of hydrolysis is continued beyond the time of 


maximum reaction. Bauer (1932) and Hillary 
(1939) found that the stain is retained without ob¬ 
vious loss of color much longer if chromic acid is 
present in the fixatives than if it is missing. 

Evidence from cytochemical studies of substan¬ 
ces remaining in tissue sections and from chemical 
studies of products released into the hydrolysates 
from tissues indicates that continued hydrolysis 
results in degradation of the nucleic acid molecule. 
Stedman and Stedman (1943a; 1947), DanieUi 
(1947); Li and Stacey (1949), and Ely and Ross 
(1949a) have demonstrated that the supernatant 
fluid from hydrolysis of purified desoxyribonucleic 
acid contains water-soluble, Feulgen-positive sub¬ 
stances. Ely and Ross also made nitrogen and phos¬ 
phorus determinations and ultraviolet studies of 
the substances found in the dialysates of hydro¬ 
lyzed fixed, macerated thymus tissue. After 30 
minutes of hydrolysis, they found nitrogen-con¬ 
taining compounds which absorbed in the ultravio¬ 
let, but no phosphorus. After hydrolysis of 5 hours, 
both nitrogen and organic phosphorus compounds 
were found in the dialysate. Overent and Stacey 
(1949) found that by increasing the acidity of the 
hydrolytic mixture up to pH 3.6 a great variety 
of soluble and insoluble fractions, including guanine, 
adenine, and desoxyribose phosphates, as well as 
other fragments difficult to characterize precisely, 
are formed. In view of these results, it must be 
concluded that acid hydrolysis of desoxyribonucleic 
acid may lead to the formation of small, diffusible 
degradation products. 

It has also been demonstrated that prolonged 
hydrolysis of tissue sections results in the loss of all 
the detectable groups of the nucleic acid molecule. 
Di Stefano (1948b) and Ely and Ross (1949a) alike 
found that during prolonged hydrolysis in norma! 
hydrochloric acid at 60° C, there is a progressive 
loss of material absorbing ultraviolet at 2600 A, of 
Feulgen-reactive material, and of substances pos¬ 
sessing affinity for basic stains. Ely and Ross also 
demonstrated by microincineration studies that 
after 30 minutes of hydrolysis very little inorganic 
ash is left in tissue sections, The rapidity with 
which the Feulgen-positive material is removed 
from the nuclei has been shown to vary with the 
fixative used in the preparation of the tissue 
(Bauer, 1932; Hillary, 1939; Di Stefano, 1948). 

The demonstration of the formation from des¬ 
oxyribonucleic acid of hydrolytic products which 
produce colored, water-solubie complexes on react¬ 
ing with the SchifPs reagent led Stedman and 
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Stedman and other investigators of the Edinburgh 
laboratories (Stedman and Stedman, i943a, b, 
1944, 1947; Choudhuri, 1943; Carr, 1945) to criti¬ 
cize the validity of the Feulgen technique for lo¬ 
cating desox^rribonudeic acid. They have main¬ 
tained that the nucleic acid is located largely, 
though not necessarily exclusively, outside the 
chromatin and that the water-soluble dye formed 
as a result of the Feulgen reaction is adsorbed by a 
specific protein, chromosomin, in the chromosome. 
Histochemical evidence that the desoxyribonucleic 
acid is localized within the chromatin material and 
thus that the Stedmans^ claims cannot be correct 
has been presented by Callan (1943), Barber and 
Callan (1944), Caspersson (1944), Stoweil (1945, 
1946a), Dodson (1946), and Bracket (1946, 1947). 
Stacey and his coworkers and Di Stefano have felt 
that their chemical evidence also refutes the Sted- 
mans’ idea that the colored structures are the re¬ 
sult of non-specific staining by soluble dye com¬ 
plexes. They have pointed to their evidence that 
in the early hydrolytic phases of the Feulgen reac¬ 
tion the chief change is the splitting of the purine- 
sugar linkages and that after this the sugars are 
still bound in the poljmucleotide chain. Ely and 
Ross, on the other hand, thought it had not been 
dearly determined whether the depol 3 moierization 
of the nucleic acid precedes or follows the splitting 
off of purines, and hence that the Stedmans^ con¬ 
tention could neither be affirmed nor denied. 

One additional point in evaluating the specificity 
of the Feulgen technique should be discussed. It 
must be ascertained that under the conditions of 
the test the desoxyribonucleic acid is the only sub¬ 
stance that will react with the Feulgen reagent. 
Since most free aldehydes, and certain other 
groups, may oxidize leucofuchsin, it is to be ex¬ 
pected that a number of protoplasmic substances 
will produce a colored compound by reacting with 
the Schiff’s reagent. The appearance of color has 
been reported following the addition of decolorized 
fuchsin to myelin sheaths of nerves, adipose tissue, 
secretory granules of fresh pancreas and adrenal 
gland (Liang, 1947), glycogen, starch, and lignins 
(Baqer, 1933; Hilary, 1939). It is possible, how¬ 
ever, ^ to distinguish the^ ■ substances from" desoxy- 
ribonucleic add 'because' all of 'them give 'the 
reaction without the previous hydrol 3 rsis which is 
necessary for tlie nucleic acid, test. In' certain’ tis¬ 
sues, parti'CuIarly/after;: fixation 'with'\ mercuric 
' ’ > chloride, a ',cyt<^Iaa3dc'''rea,ction occurs' widi 'the 
Feulgen reagent even after hydrolysis. It has been 


suggested that a lipoprotein substance, sometimes 
termed ^^plasmalogen,” (Hilary, 1939; Stoweil, 
1945) is responsible for this reaction. The distinc¬ 
tion between tissue aldehydes and the groups re¬ 
leased by hydrolysis of desoxyribonucleic acid 
may be made by a technique devised by Danielli 
(1949) in which the tissue aldehydes are rendered 
inactive by treatment with hydroxylamine prior 
to hydrolysis. 

In summary, it may be concluded that the 
Feulgen reaction results in the formation of a 
colored substance by the reaction of the aldehyde 
groups freed by acid hydrolysis of the desoxypen- 
tose nucleic acid with reduced fuchsin. In the 
opinion of the majority of investigators, this reac- 
tion takes place in situ, provided a time of hydrol¬ 
ysis only sufficient to produce a maximum colora¬ 
tion is used. However, in view of the criticisms 
that have been raised, conclusions concerning the 
precise localization of the nucleic acid should be 
accepted with some reservation, and if possible 
checked by comparison with other cytochemical 
tests. As a quantitative technique the Feulgen re¬ 
action is subject to even greater criticism. As Ely 
and Ross (1949) have pointed out, quantitative 
measurements would have little value if the hydro¬ 
lytic procedures remove some of the depolymerized 
fragments. Furthermore, neither the number of 
purine-sugar linkages that exist in polynucleotides 
of different types, nor the number of aldehyde 
groups freed by the hydrolytic procedures have 
been precisely determined. Thus, it is difficult to 
determine the relationship between the dye-bind¬ 
ing groups and the amount of purine nucleotides. 
At best, such calculations would completely ignore 
the pyrimidine components of the nucleic acid. 

3. Basic.Staining 

It has long been known that nuclei and certain 
cytoplasmic components possess a strong affinity 
for basic stains. Procedures for using the basic 
stains have not been standardized, and great varia¬ 
tion in the strength of stain, staining and destak- 
kg procedures, and the Use of fixatives prior to 
stakkg is to be found k the literature. A com¬ 
plete, concise compilation of the different tech¬ 
niques used has recently been published m tabular 
form by Lillie (1949). 

The fact that structurally different dyes, resem¬ 
bling each other chiefly k the possession of basic 
radicals, ^ve good stakkg reactions with cdl 
parts containing nucleic acid supplies circumstan- 



CYTOCHEMISTRY OF NUCLEIC ACIDS 


283 


tial evidence that the process of staining involves 
an acid-base reaction, Michaelis’ study of the reac¬ 
tion between purified solutions of yeast nucleic acid 
and some of the basic dyes (toluidine blue, thionin, 
methylene blue, and pyronin) showed that a salt- 
iike union between the dye and the nucleic acid 
molecule occurs. Kurnick and Mir sky (1950) have 
studied the stoichiometry of the reaction between 
methyl green and the desoxyribonucleic acids found 
in fixed nuclei and obtained from purified extracts. 
They found that if the temperature and pH are 
controlled, there is a constant ratio of one dye 
molecule to ten phosphorus atoms in the dye- 
nucleic acid complex. They also found that histone 
and lanthanum compete with the basic dye in the 
reaction with desoxyribonucleic acid and have in¬ 
terpreted this as indicating that all three basic com¬ 
pounds have a common site, presumably the phos¬ 
phoric acid groups, of attachment to the nucleic 
acid molecule. 

Evidence is available, however, that indicates 
that the reaction between basic dyes and nucleic 
acids is not merely a simple ionic union. Kurnick 
(1950a) found that while all triphenyimethane dyes 
with two amino groups react specifically with highly 
polymerized nucleic acid, those triphenyimethane 
dyes with three amino groups are not specific. He 
proposed an hy^pothesis involving stereochemical 
factors to explain the difference in behavior of 
these closely related dyes. Many workers (Lison, 
1935a, b; Kelly and Miller, 1935a, b; Michaelis and 
Granick, 1945; Michaelis, 1944) have shown that 
the color of metachromatic basic dyes depends on 
the nature of the acid in the dye-acid complex, thus 
indicating that different kinds of chemical unions 
change the optical properties of the dye. 

Michaelis (1947) reported that, if the specific 
dyes are allowed to react with the nucleic acids in 
tissue sections, a strong ionic bond will hold the 
dye to the nucleic acid, while the excess dye which 
is adsorbed or loosely bound within the cell is re¬ 
moved by washing with water or alcohol. 

On the basis of Michaelis’ opinion that pro¬ 
longed washing in alcohol (in the absence of any 
precise statement, it may be assumed that he re¬ 
ferred to 95 per cent ethyl alcohol) will remove 
non-ionically bound stain, Di Stefano (1948b) con¬ 
cluded that the methyl green left in sections after 
ovemi^t destaining in isopropyl ^cohol is bound 
to the nucleic acid. For the same reason Pollister 
and Leuchtefibarger (l949b) jlestaihed sections 


stained in methyl green overnight in 95 per cent 
alcohol. However, when methyl green was com¬ 
bined with pyronin in the Unna-Pappenheim 
stain, destaining was carried out in tertiary butyl 
alcohol. The rapidity with which sections that 
have been stained with methyl green, methyl 
green-pyronin, and toluidine blue will destain has 
been found to vary with the kind of alcohol used 
(Lumb, unpublished data). 

Special consideration should be given to a mix¬ 
ture of two basic dyes which has been used a great 
deal, especially by Brachet (1940, 1944), for the 
differential staining of both nucleic acids in the 
same preparation. This is Unna^s modification of 
the Pappenheim mixture of methyl green and py¬ 
ronin. According to Brachet, under the conditions 
of the staining procedure there is a competition 
between the ribo- and desoxyribo-nucleic acids, 
so that the methyl green unites with the desoxy- 
ribo- and the pyronin with the ribo-nucleic acid. 
Kurnick, in the discussion following Michaelis^ 
paper (1947) and in a later paper (i950a) presented 
the results of studies of the reactions of pyronin and 
methyl green on the two types of nucleic acids and 
nucleoproteins in different polymerization states. 
As a result of his experiments, Kurnick concluded 
that methyl green adheres more firmly to the 
higher polymers of either ribose or desoxyribose 
nucleic acid, while pyronin reacts more strongly 
with the lower pol 3 uners. He suggested that, 
since desoxyribonucleic acid is believed to be 
present in the cells in a more highly poly¬ 
merized state than ribonucleic acid, the reac¬ 
tion of Unna’s mixture reflects the relative states 
of polymerization rather than any specific chemical 
difference in the molecules. Another interesting 
phenomenon which accompanies methyl green 
staining has been observed by Pollister and Leuch- 
tenberger (1949b), who found that after treating 
sections with hot water the chromatin no longer 
stains with methyl green, although a positive Feul- 
gen test and ultraviolet studies indicated that 
desoxyribonucleic acid is still present. Gross 
analysis of liver tissue before and after hot water 
treatment showed no reduction in the amount of 
phosphoric acid. Pollister and EeuHiitenherger 
concluded that the loss of stainability of the chro¬ 
matin is due to a change In the ph 3 rsical state, 
presumably depol 3 ?inerization, of the nucleic acid. 
Kurnick (195Ck, b) also found that exposure of tis¬ 
sues to heat, 60°C for ten minutes, results in the 
loss of nuclear affinity for methyl green, presum- 
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ably due to the depoiymerization of the desox}- 
ribonucleic acid. 

If the nature of the reaction of the nucleic acids 
with the basic dyes is primarily an acid-base at- 
tractioUj there is no reason to suppose that other 
strongly acidic protoplasmic components will not 
also stain. The mucoproteins, found principally in 
mucin, chondrin, and the basophilic granules of 
mast cells (Hempelmann, 1940; Holmgren and 
Wilander, 1937; Holmgren, 1940; Asplund, Borell, 
and Holmgren, 1940) are highly acidic because of 
the suMuric acid radical on the hexosamine carbo¬ 
hydrate. The reaction of many of the basic dyes, 
such as toluidine blue, thionin, or polychrome 
methylene blue, toward acidic substances is meta- 
chromatic; the sulfuric acid esters of the muco- 
proteins stain a violet to red color, while the phos¬ 
phoric acid esters of the nucleoproteins give a blue 
color. Thus, in some instances at least, the muco- 
and nucleo-proteins may be distinguished by the 
shade of basophilia. Holtfreter (1946) found that 
fatty acids, rancid fats, and phosphatides react 
with toluidine blue and methylene blue to give a 
blue violet color. Since fat solvents are customarily 
used in dehydrating and embedding, the possi¬ 
bility of fats or fatty acids remaining in cytological 
preparations is slight. 

4. Basic Staining Combined with Enzymalic or 
Hydrolytic Removal of the Nucleic Acids 

Although some investigators, such as PoUister 
and Leuchtenberger (1949a, b), Di Stefano (i948a, 
b), and Kurnick (1950b), have felt that under their 
staining conditions the basic dye reacts specifically 
with the nucleic acid, the general consensus seems 
to be that too great a reliance should not be placed 
on staining alone. Fortunately, a complementary 
procedure has been devised which, when used with 
basic staining, permits greater assurance in the 
detection of nucleic acids. In this technique, first 
used by Brachet (1940), adjacent sections of a 
tissue are given identical treatment except for the 
incubation of one of them with a specific nuclease. 
After the two slides are stained, inferences as to 
the location of the nucleic acids are drawn from the 
absence of basophilia in the digested section. The 
validity of this technique, of course, depends on 
the specifidty of the action of the enzyme. 

The nudease most extensively used in histo- 
chonical tests is the one, first obtained from the 
pancreas 'by' Jones (1920),’ which brings about the, 
breakdown of large pentose nudeic add molecules 


without the release of either phosphoric acid or 
nitrogen bases. This enzyme, variously termed 
ribonuclease, ribonucleinase, ribonudeotidase, ri- 
bonudeodepolymerase, has been shown to act 
specifically on ribonucleic add to form small, dif¬ 
fusible units. The isolation and crystallization 
of ribonuclease by Kunitz (1940) have permitted 
more accurate studies of its activity than were 
possible with crude preparations. A further refine¬ 
ment in the method of preparation developed by 
McDonald (1948) made possible the preparation 
of a crystalline product free from all measurable 
traces of proteolytic activity. When cytological 
preparations are incubated in a solution of ribon¬ 
uclease it is presumed that, if given sufficient 
time for the enzyme to act, the nucleic acid is 
completely degraded and the small units diffuse 
from the tissue. Stowell and Zorzoli (1947) have 
investigated the effects of vaiying the fixation of 
the tissues and such factors as concentration of the 
enzyme, temperature and time of the reaction, and 
the t 5 rpe of buffering solutions, on the action of 
ribonuclease. These authors have emphasized the 
necessity for carefully controlling the conditions 
of the test before considering the action of ribo¬ 
nuclease as specific. 

In considering the action of ribonuclease, it 
should be pointed out that chemical tests have 
shown that regardless of the time allowed for en¬ 
zyme action, a relatively large fraction, as much as 
50 per cent, of the nucleic acid is not broken into 
diffusible units and appears to be resistant to the 
action of the enzyme (Kunitz, 1940; Loring, Car¬ 
penter, and Roll, 1947; Schmidt, Cubiles, Swartz, 
and Tannhauser, 1947; Bacher and Allen, 1949). 
It has also been demonstrated by Loring et al 
and Schmidt et al. and by Bacher and Allen that 
pyrimidine nucleotides are found more abundantly 
in the diffusible products, while the purine groups 
tend to remain in the fraction resistant to enzy¬ 
matic action. Although the significance of this dif¬ 
ferential action of ribonuclease on the nucleic acid 
is not understood, it suggests that more than one 
kind of linkage binds the mononucleotides to¬ 
gether. These findings of the chemists indicate 
that the cytochemist cannot interpret the loss of 
basophilia in a section exposed to enzyme action 
as necessarily indicating a complete loss of ribo¬ 
nucleic acid from the tissue. 

Enzyme preparations which bring about a deg¬ 
radation of desoxyribonucleic acid have also been 
studied (Greenstein and Jenrette, 1941a, b; Gohen, 



CYTOCHEMISTRY OF NUCLEIC ACIDS 


285 


1945; Sclunidt, Pickels, and Levene, 1939; McCar¬ 
ty, 1946). Aithougli Kunitz (1948) has reported 
the isolation and crystallization of the enzyme, few 
reports on the properties and activity of the puri¬ 
fied product have been published. Zamenhof and 
Chargaff (1949) have found that even after pro¬ 
longed digestion of desoxyribonucleic acid with 
crystalline desoxyribonuclease a core of non-dif- 
fusible material remains. This enzyme has not yet 
been extensively used in histochemical tests, but 
Brachet (1946, Brachet and Shaver, 1948) used a 
crude preparation and reported that it causes a 
specific loss of basophilia from nuclear chromatin. 

Another cytochemical technique which is similar 
in some respects to the digesting-staining proce¬ 
dures just discussed is one in which the large mole¬ 
cules are degraded by hot acid hydrolysis. Schnei¬ 
der (1945) found that heating macerated fresh 
tissues for 15 minutes in 5 per cent trichloracetic 
acid at 90° C. removes all of the nucleic acids. 
Poliister and His (1947) and Brachet and Shaver 
(1948), assuming that similar acid hydrolysis of 
fixed tissues would have the same effect on the 
nucleic acids, have utilized this procedure to re¬ 
move the nucleic acids from tissue sections. They 
reported that ail basophilic material and all sub¬ 
stances absorbing ultraviolet light in the wave¬ 
lengths characteristic of nucleic acid are removed 
by the trichloracetic acid hydrolysis. 

Pouyet (1949) has demonstrated by chemical 
analysis that hydrolysis of fixed, macerated tis¬ 
sues with normal hydrochloric acid at 60° C. 
for 10 minutes will remove most of the ribose- 
and very little of the desoxyribose-nucleic acid. 
Cytochemical demonstrations that similar mild 
acid hydrolyses result in the loss of basophilic 
material from the cytoplasm without observable 
effects on the basophilia of the nuclear chromatin 
have been reported by Deane (1946) and Vendrely 
(1949). Ely and Ross (1949a) found that after 3 to 
6 minutes of hydrolysis in normal hydrochloric 
acid at 60° C. all of the ultraviolet-absorbing ma¬ 
terial is gone from the cytoplasm and that a hydro¬ 
lysis of 20 minutes is necessary to remove the 
ultraviolet-absorbing material from the nucleus. 
Vendrely (1949) has suggested the use of a 10- 
minute hydrolysis in normal hydrochloric acid at 
60° C. as a substitute for ribonuclease in the loca¬ 
tion of ribonucleic acid in cells. 

5. UliramoM Ahorptim Techniques 

A technique for the detection of nucleic acids in 


cytological preparations, based on an entirely dif¬ 
ferent principle, is that of ultraviolet light absorp¬ 
tion. Caspersson (1940,1947) perfected a technique 
for sending known wave-lengths of ultraviolet 
light through quartz microscope lenses focused on 
a portion of the cell and recording the extinction 
by means of a photographic plate or a photoelectric 
cell. Caspersson and a group of collaborators, par¬ 
ticularly Hyden, Thorell, Engstrdm, Norberg, San- 
tesson, Moberger, Malmgren and Schultz, have 
applied this technique to a great variety of cellular 
problems (see Caspersson, 1947, for summary and 
complete bibliography). Modifications of the tech¬ 
nique have also been utilized by other workers, 
particularly Poliister and his colleagues (Poliister 
and Ris, 1947; Poliister and Leuchtenberger, 1949a, 
b; Di Stefano, 1948), and by Gersh and Bodian 
(1943). 

The technical physical problems involved in the 
accurate measurement of the specific absorption of 
light by a cellular structure have been carefully 
worked out by Caspersson. x4ccording to his calcu¬ 
lations, it is theoretically possible to determine 
extinctions with an accuracy of 5 per cent for ob¬ 
jects down to a size about four times the wave¬ 
length of light, that is, about 0.6 jtx in the middle 
ultraviolet. Caspersson has constructed an elabo¬ 
rate apparatus which fulfills the Abbe sine condition 
for an optical system and insures that all light 
leaving the object is transferred to the image. He 
has also devised mathematical corrections for the 
non-specific losses of light in the system. 

It has been shown that most organic substances 
found in the cell absorb heavily in the ultraviolet 
and that the nucleic acids have a sharply defined 
peak between 2570 and 2600 A. The absorption of 
the nucleic acids is thought to be due to the proper¬ 
ties of the ring structure common to both purine 
and p 3 n:imidine bases. Thus, identification of these 
cellular components is possible by determining the 
absorption spectrum of ultraviolet rays. Photo¬ 
graphs taken with light of wave-lengths in the 
neighborhood of 2600 A have also been used to 
detect the presence of nucleotides in tissues. How¬ 
ever, photographs cannot be considered as accurate 
a means of identification as complete absorption 
curves. 

OTHER FACTORS TO BE CONSEDEREB IN QIIALIXATIVE 
CVTOCHEMICAL TESTS 

A prime requisite for any cytodiemlcal technique 
is that the specific substance must be detectable 
within the cell. For the nucleic acids, this is eh- 
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tirely dependent on the optical properties of the 
substances themselves, or the reaction products. 
Both the basic stains and the leucofuchsin of the 
Feulgen reaction form colored complexes with nu¬ 
cleic acids which may be detected visibly, and, 
with the aid of a microscope, located wdthin the 
individual ceU. Danielii (1947) has suggested the 
possibility of detecting purine and pyrimidine 
groups by the color of the diazonium hydroxide 
produced after destructive benzoylation to eihni- 
nate possible reactions with other compounds. How¬ 
ever, the ultraviolet absorption properties are 
usually used to detect the nitrogen bases. 

It is also important to know that the color is de¬ 
tected in situ. As previously discussed, there has 
been much controversy over the diffusibility of the 
Feulgen reaction products. It is usually considered 
that the fixation and dehydration procedures pre¬ 
cipitate or immobilize the chief cellular constit¬ 
uents. It is also recognized that this is accom¬ 
panied by a certain amount of distortion from the 
fresh condition. It is to be expected that small, 
water- or alcohol-soluble molecules, such as simple 
sugars, free amino acids, dicarboxylic acids, and 
mononucleotides, will not be fixed and will tend to 
diffuse from the cell during the process of fixation 
and dehydration. At the present time, no good way 
of circumventing these difficulties has been devised. 

Since one of the objectives of cytochemical 
studies is to supply information which may be used 
in interpreting the functions of living cells, it is 
important to consider the relationship between the 
condition of the living ceE and the condition of the 
ceU when the test is made. The nature of most of 
the present cytochemical tests is such that either 
the ceE is killed before starting the procedure or the 
technique itself damages the cell. Even micro¬ 
scopic observation of normal living, differentiated 
cell types has been limited by the technical diffi¬ 
culties of making suitable preparations. Further¬ 
more, the criteria for a *^good’’ preparation have 
not always been derived from a study of living 
cells but from a standardized picture of what the 
early cytplogists found when they studied fixed 
material. For example, the Bving nucleus usually 
presents a more or less homogeneous appearance 
in which only the nudeolus is. observed as a formed 
body. Nevertheless, the cytological nu- 

dear picture Is one in which the chromatin is lo- 
'Cahzed into <iisaete''dump&^^ Furthermore, even 
..though.care "may be use those procedures' 

wMdh preserve the cdlular structures in .a condition 


which optically most resembles the living ceU, this 
cannot be regarded as an adequate indication that 
the chemical characteristics have not been altered. 
There is no completely adequate way of knowing 
the chemical or physical changes undergone by the 
protoplasmic components during death from vari¬ 
ous causes, and hence, how closely the test con¬ 
ditions correspond to those of the living cell. 

Only a few isolated observations comparing the 
reactions between living and dead protoplasm 
have been reported. Michaelis (1947) pointed out 
that the nucleus of a living cell does not stain at all 
in a dilute solution of dye of sufficient strength to 
stain the dead cell. He suggested that on death 
some irreversible change occurs in the nudeopro- 
tein, so that acid groups, formerly bound, are now 
free to react with the basic dye group. Ely and Ross 
(i949a) found that living cells resist the action of 
desoxyribonucleic acid depolymerase, although the 
enz 3 Tiie attacks cells killed by heat, fixatives, and 
ultraviolet light. It is possible that in both of these 
cases the permeability of the cell, or nuclear, mem¬ 
brane plays an important role in preventing the 
substances from coming into actual contact with 
the nucleic acids of the cell. On the other hand, it is 
also possible that the explanation is to be found 
in a different chemical or physical condition in 
living protoplasm. 

Differences in the ultraviolet absorption proper¬ 
ties of living and dead cells have also been reported. 
Bmmberg and Larionov (1947; Larionov and 
Brumberg, 1948) found that the nucleus of a living 
ceE does not absorb ultraviolet. They demon¬ 
strated that a relatively short exposure oi living 
cells to ultraviolet rays kiEs the ceU and that the 
absorption by the nucleus then increases, whereas 
that of the cytoplasm decreases. Recent investiga¬ 
tions of Ris and Mirsky (1949) have verified 
Brumberg and Larionovas observations. On the 
other hand, Ludford, SmEes, and Welch (1948) and 
Ely and Ross (1949b) found that Eving ceEs show 
strong absorption when first observed. Bradfield 
and Errera (1949) found that as ultraviolet radia¬ 
tion is prolonged different kinds of ceEs behave in 
different ways; in some the absorption increases, 
in others it decreases, and in some it shows Ettle 
change. Although the significance of these observa¬ 
tions of ultraviolet absorption by the ceE is not 
dearly understood, it seems apparent that, in some 
types of cells at least, there is a difference in the 
capacity of living and dead protoplasm to absorb 
ultraviolet rays. 
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It has long been known that different histo¬ 
logical fixatives produce great variations in the 
optical appearance and stainability of cells. At 
first the choice of fixative to be used was largely 
empirical; experience showed that certain fixatives 
give “good” results with certain stains and tissues, 
while others do not. With progress in biochemistry, 
the reasons for the observed effects began to be 
more clearly understood. Since nucleic acids are un¬ 
stable in alkaline solutions, they would not be ex¬ 
pected to be retained in cells fixed at a high pH. 
This corresponds with the observation that most 
good nuclear and cytoplasmic basophilic fixatives 
contain a relatively high concentration of acetic 
acid. 

The effect of chemical reactions on the ampho¬ 
teric properties of proteins should be kept in mind 
in using staining or cytochemical reactions. It has 
been shown that formaldehyde reacts with the 
amino groups of proteins and hence tends to cause 
a shift of the isoelectric point toward the acid side. 
Likewise, fixation with salts of heavy metals tends 
to shift the isoelectric point to the alkaline side by 
rendering the carboxyl groups non-dissociable (Ba¬ 
ker, 1945; Dempsey and Wislocki, 1946; Kelly and 
Miller, 1935a). Thus the affinity of the proteins for 
basic or acidic stains will vary with the fixation. 

In addition to the effects of fixatives on the 
staining qualities of proteins, those who use histo- 
chemical procedures that employ enzyme or acid 
hydrolytic action on nucleic acids should consider 
the possible effects of the fixatives on the bonding 
of the nucleic acid and nucleoproteins. The data 
concerning ribonuclease digestion techniques com¬ 
piled by Stowell and Zorzoli (1947) and Lillie 
(1949) show that following a large number of fixa¬ 
tives enzymatic action results in a loss of basophilia 
while certain other fixations apparently render the 
tissues completely resistant to the action of the 
enzyme. Thus, in using the digesting-staining tech¬ 
niques, care should be taken to select a fixative 
which will not prevent the enzyme from hydro¬ 
lyzing the nucleic add. 

Problems such as these arise from the funda¬ 
mental complexity of the protoplasmic system. Ob¬ 
viously, in checking the validity of a cytochemical 
test, it is not sufficient to demonstrate that test- 
tube reactions between reagents and purified sub¬ 
stances wili occur, for in the cell many factors, 
difficult to control and usually nobi>redsely imown, 
may be involved in the reaction/ This necessitates 
a mntihual guard against too ^eat a cbnfidence in 


any one procedure, along with never-ending effort 
to obtain a more complete understanding of the 
chemical and physical nature of the cell. 

QUANTITATIVE TESTS 

Although cytochemists have been chiefly con¬ 
cerned with the detection and location of the two 
types of nudeic acid, some attempts have been 
made to adapt the techniques previously discussed 
to permit quantitative measurements. Essentially 
the methods consist of using sensitive photoelectric 
cells to measure the amount of monochromatic 
light of a specific wave-length which is absorbed 
by the nucleic acid or by the dye-nucleic acid com¬ 
plex. The absolute extinction value is usually 
compared with a control measurement of the ex¬ 
tinction m adjacent non-colored regions or by 
measuring the extinction in an area from which the 
nucleic acids have been removed by hot acid or 
enzymatic hydrolysis. 

The ultraviolet absorption techniques developed 
by the Caspersson school have been most widely 
utilized for making quantitative determinations. 
Caspersson has emphasized the necessity for a 
rigid control of the physical conditions of the op¬ 
tical set-up (1940, 1947). He has also commented 
on the fact that the validity of the technique is de¬ 
pendent on the optical properties of the object 
measured (1947). Caspersson and all those others 
using this technique have assumed that the rela¬ 
tion between the amount of light absorbed and the 
number of molecules of the substance follows the 
Beer-Lambert law. Commoner and Lipkin (1949) 
have shown that theoretically this law may not 
hold, if the nucleic acid molecules are oriented. 
Furthermore, Commoner (1949) has pointed out 
that nucleic acids organized in the form of a cell 
structure may be sufficiently oriented to cause sig¬ 
nificant departures from the Beer-Lambert law. 

Procedures which measure the extinction of 
monochromatic visible light of appropriate wave 
lengths by structures colored by the Feulgen reac¬ 
tion or by basic staining have been devised by 
Stowell (1942, 1946b; Stowell and Cooper, 1945); 
by PoUister and Ris (1947), and Kurnick (!950b}. 
The problem of moleoilar orientation just discussed 
is also present here. It is necessary for it to he dem¬ 
onstrated that the Beer-Lambert law holds in the 
specific preparation being analyzed. These tech- 
mqnes are also to by the difficulty of 

determining the number of reacting groups on the 
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niideic acid molecule which are involved in the dye 
binding. 

CONCLUSION 

The commonly used cytochemical techniques 
for studying nucleic acid, namely, the Feulgen 
reaction, basic staining, basic staining combined 
with enz 3 niiatic or acid hydrolysis, and ultraviolet 
absorption, have been discussed in terms of the 
criteria of a valid cytochemical test. The evidence 
indicates that under properly controlled conditions 
the tests are adequate for detecting and locating 
the imdeic acids in cytblogical preparations. Nev¬ 
ertheless, the complexity of the conditions under 
which the cytochemist works is such that it is 
necessary to maintain a critical attitude toward the 


procedures used and the condusioiis drawn from 
the observations. 

ACKNOWLEDGMENTS 

Part of the work for this review was done while 
the author held a National Institute of Health 
Predoctorate Research Fellowship. 

The author wishes to express her sincere appre¬ 
ciation of the encouragement and many helpful 
suggestions and criticisms given during the prep¬ 
aration of this manuscript by Dr. Hampton L. 
Carson, Dr. Barry Commoner, Dr. Viktor Ham¬ 
burger, Dr, David Lipkin, and Dr. Florence Moog. 
She is also indebted to Dr. J. F. Danielli who read 
the manuscript and made helpful comments con¬ 
cerning it. 


LIST OF LITERATURE 


Allen, F. W. 1941. The biochemistry of the nucleic 
adds, purines, and pyrimidines. Aj-m. Rev. Bio- 
ckem., 10: 221-244. 

Asplum), J.j U. Borell, and H. Holmgren. 1940. 
In der Uteruswand wahrend der Graviditat auf- 
tretende metachroniatisch granuiierte Zellverbande 
und ihre Steliung zur “Glanduia myometralis.” 
Z. mikr. anaL Forsch., 48: 478-528. 

Bacher, J. E., and F. W. Allen. 1949. The action 
of ribonuclease on ribonucleic acid. Fed. Proc.^ 
8:181. 

Baker, J. R. 1945. Cytological Technique. 2nd ed., 
211 pp. Methuen & Co., London. 

Barber, H. N., and H. G. Callan. 1944. Distribu¬ 
tion of nucleic acid in the ceh. Nature^ Lond^^ 
153:109. 

Bader, H. 1932. Die Feuigensche Nukleaifarbung 
in ihrer Anwendung au! cytologische Untersuch- 
ungen. Z. Zellforsch., 15: 225-247. 

--. 1933. Mikroskopisch-chemischer Nachweis 

van Glykogen und einigen anderen Polysacchari- 
den. Z. mikr. mat. Forsch.^ 33: 143-160. 

Bracket, J. 1940, La detection histocMmique des 
acides pentosenucl6iques. C. r. Soc. Biol., Paris, 

' 133; 88-90. 

- . 1944. Embryologie Ckimique. Ch. 6, Nucleic 

acids, pp. 184-250. Masson & Cie,, Paris. 

- . 1946- ' La sp6cificit6 de la reaction de Feulgen 

pour la detection de Facide thymonucMique. Ex~ 
perimiia, 2r 142. 

-. 1947. Nucleic adds in the cell and the'em¬ 
bryo. ' Symp. Soc. exp. Biol, 1: 207-224. 

'—and J. R. Shaver. 1948. The effect of nucleases 
pE cytochemical reactions for amino acids and on 
, staining with acid dyes. Siam TechmL, 23: 177- 


Bradfield, j. R. G., and M. Errera, 1949. Ultra¬ 
violet absorption of living cells. Nature, Land,, 
164: 532-533. 

Brumberg, E. M., and L. T. Larionov. 1947. Ul¬ 
tra-violet absorption in living and dead cells. 
Nature, Land., 158: 663. 

Callan, H. G. 1943. Distribution of nucleic acid 
in the cell. Nature, Land., 152: 503. 

Carr, J. G. 1945. Mechanism of the Feulgen reac¬ 
tion. Nature, Lord., 156: 143-144. 

Caspersson, T. 1940. Methods for the determina¬ 
tion of the absorption spectra of cell structures. 
J. Roy. micr. Soc,, 60: 8-25. 

-. 1944. “Chromosomin” and nucleic acids. Na¬ 
ture, Lond., 153: 499-500. 

-. 1947. Relations between nucleic acid and pro¬ 
tein synthesis. Symp. Soc. exp. BioL, 1: 127-151, 

Chargaef, E., and E. Vischer, 1948. Nucleopro- 
teins, nucleic adds, and related substances. Ann. 
Rev. Bkchem., 17:201-226. 

Chotjdhdri, H. C. 1943. Chemical nature of chro¬ 
mosomes. Nature, Land., 152; 475. 

Cohen, S, S. 1945. The enzymatic degradation of 
thymusnucleohistone. J. hiol. Chem., 158: 255- 
264. 

Cold Spring Harbor Symposia on Qmniitative Biology, 
12. Nucleic Acids and Nucleoproielns. 279 pp. 
1947. The Biological Laboratory, Cold Spring 
Harbor, L. I., New York. 

Commoner, B. ’ 1949,' On the interpretation of 'the 
absorption of ultraviolet light by cellular nucleic 
acids. Scimce, 110: 31-40. 

-and B. Lipkin. 1949.' The application of the 

Beer-Lambert law to optically anisotropic sys¬ 
tems. Scieme, HO: 41-43. 



CYTOCHEMISTRY OF NUCLEIC ACIDS 


289 


DaniellIj J. F. 1946. Establishment of cytochemi- 
cal techniques. Nature, Land., 157: 755-757. 

__. 1947. A study of techniques for the cyto- 

chemical demonstration of nucleic acids and some 
components of proteins. Symp. Soc. exp. Biol., 
1: 101-113. 

-. 1949. A critical study of techniques for the 

cytochemical demonstration of aldehydes. Quart. 
J. micr. Sci., 90: 61-14:. 

DeanEj H. W. 1946. The basophilic bodies in he¬ 
patic cells. Amer. J. Amt., 78: 227-243. 

Dempsey, E. W., and G. B. Wislocki. 1946. Histo- 
chemical contributions to ph^^siology. Physiol. 
Rev., 26: 1-27. 

DE Tomasi, j. a. 1936. Improving the technic of the 
Feulgen stain. Stain Technol., 11: 137-144. 

Di SxEEANO, H. S. 1948a. A cytochemical study of 
the Feulgen nucleal reaction. Proc. Nail. Acad. 
Sci., U. S. A., 34: 75-80. 

-. 1948b. A cytochemical study of the Feulgen 

nucleal reaction. Chromosoma, 3: 282-301. 

Dodson, E. 0. 1946. Some evidence for the spe¬ 
cificity of the Feulgen reaction. Stain Technol., 
21: 103-106. 

Ely, j. 0., and M. H. Ross. 1949a. Nucleic acids 
and the Feulgen reaction. Anat. Rec., 104: 103- 
119. 

-, and -. 1949b. Absorption of ultra-violet 

light by living cells. Nature, Lond., 163: 906. 

Feulgen, R., and H. Rossenbeck. 1924. Mikro- 
skopisch-chemischer Nachweiseiner NucleinsS-ure 
vom Typus der Thymonucleinsaure und die darauf 
beruhende elektive Farbfingvom Zellkernen in 
mikroskopischen Praparaten. Z. phys. Chem., 135: 
203-248. 

Fletcher, W. E., J. M. Gulland, D. O. Jordan, and 
H, E. Dibben. 1944. The constitution of yeast 
ribonucleic acid. VII. Diffusion coefficients and 
molecular weights. J. chem. Soc., Lond., 30-33. 

Gersh, I. 1941. Recent developments in histochem¬ 
istry. Physiol. Rev., 21: 242-266, 

——, and D. Bodian. 1943. Some chemical mecha¬ 
nisms in chromatolysis. J. cell. comp. Physiol., 
21: 253-279. 

Geeenstein, j. P. 1944, Nucleoproteins. Adv. pro¬ 
tein Chem., 1: 210-281. 

- , and W. V. Jenrette. 1941a. The depolymer¬ 
ization of thymonucleic acid by an enzyme system 
in normal and cancerous hepatic and mammary 
tissues and the milk and sera of several species. 
J. mtl. Cancer Inst., 1: 845-863. 

'—and . 1941b. Ribonuclease and thy- 
monucleodepolymerase, J. natl. Cancer Inst., 2: 
301-306. 

Gulland, J. M, 1947a. The structures of nucleic 
acids. Symp. Soc. exp. Biol, li 1-14. 


-. 1947b. The structures of nucleic acids. Cold 

Spring Harbor Symp. quant. Biol, 12: 95-103. 

-, G, R. Barker, and D. 0. Jordan. 1945. The 

chemistry of the nucleic acids and nucleoproteins. 
Ann. Rev. Biochem., 14: 175-206. 

Hempelmann, L. H. 1940. Staining reactions of the 
mucroproteins. Anat. Rec., 78: 197-206. 

Hillary, B. B. 1939. Use of the Feulgen reaction in 
cytology. I. Effect of fixatives on the reaction. 
Bot Gaz., 101: 276-300. 

Holmgren, H. 1940. Studien fiber Verbreitung und 
Bedeutung der chromotropen Substanz, Z. mikr. 
anat. Forsch., 47: 489-521. 

-, and 0. Wilander. 1937. Beitrag zur Zenntnis 

der Chemie und Funktion der Ehrlichschen Mast- 
zellen. Z. mikr. anat. Forsch., 42; 242-278. 

Holtereter, j. 1946. Experiments on the formed 
inclusions of the amphibian egg. II. Formative 
effects of hydration and dehydration on lipid 
bodies. J. exp. Zool, 102: 51-106. 

Jones, W. 1920. The action of boiled pancreas ex¬ 
tract on yeast nucleic acid. A^ner. J. Physiol, 52: 
203-207. 

Kelly, E. G., and E. G. Miller. 1935a, b. Reac¬ 
tions of dyes with cell substances. L Staining of 
isolated nuclear substances; II. The differential 
staining of nucleoprotein and mucin by thionine 
and similar dyes. J. hiol. Chem., 110: 113-117; 
119-140. 

Kxjnitz, M. 1940. Preparation and properties of 
ribonuclease. J. gm. Physiol, 24: 15-32. 

-. 1948. Isolation of crystalline desoxyribonu- 

clease from beef pancreas. Science, 108: 19-20. 

Kurnick, N. B. 1950a. Methyl green-pyronin. I. 
Basis of selective staining of nucleic acids. /. gm. 
Physiol, 33: 243-274. 

-. 1950b. ' The quantitative estimation of desoxy- 

ribosenucleic acid based on methyl green staining. 

» Exp. Cell Research, 1: 151-158. 

- , and A. E. Mirsky. 1950. Methyl green-pyxo- 

nin. n. Stoichiometry of reaction with nucleic 
acids. /. gen. Physiol, 33; 265-274. 

Larionov, L. P., and E. N. Brumberg. 1948. Ann. 
Rev. Sov. Med., 5:111-114. From C. r. (DoMady) 
Acad. Sci. USSR., n.s., 54: 264-267, 1946. 

Levene, P. a. , and L. W. Bass. 1931. Nucleic A cUs. 
289 pp. American Chemical Society Monograph 
Series. The Chemical Catalogue Company, New 
York. 

Li, Chong-Fu, and M, Stacey. 1949. The Feulgen 
nucleal reaction; acid degradation of sperm desoxy¬ 
ribonucleic acid. Nature, Lond., 163 : 538. 

Liang, Hsu-Mir. 1947. A new method for staining 
nerves and their endings using the Schiff Reaction. 
Anat. Rec., 99: 511-522. 

Lillie, R. D. 1949. On the destruction of cyto¬ 
plasmic basophilia (ribonucleic acid) and of the 



290 


THE QUARTERLY REVIEW OF BIOLOGY 


metachromatic basophilia? of cartilage by the glyco- 
gcE splitting enzyme, malt diastase; a histochemi- 
cal study. A'fiaL Rec.^ 103: 611“633. 

Lison, L. 1935a. Etudes sur la m6tachromasie col¬ 
orants metachromatique et substances chromo¬ 
tropes. Arch. Biol, Paris, 46: 599-606. 

-. 1935b. La signification histocbimique de la 

mtochromasie. C. r. Soc. Biol Paris, 118: 821- 
824. 

LoitiKG, H. 1944. The biochemistry of the nucleic 
acids, purines, and pyrimidines. Ann. Rev. Bio- 
chem., 13 : 295-314, 

-H. Caspentek, and P. M. Roll. 1947. 

The hydrolysis of yeast ribonucleic acid by ribo- 
nucleinase. I. The extent of hydrolysis and the 
preparation of ribonucleinase-resistant fractions 
after ribonucleinase treatment. /. hiol Chem., 
169: 601-608. 

-, 0. L. Orbway, P. M. Roll, and J. G. Pierce. 

1947. The assay of ribonucleic acids for pyrimi¬ 
dine ribonucieosides and ribonucleotides. Fed. 
Proc., 6:510-514. 

Lubeosb, R. J., J. SaoxES, and F. V. Welch. 1948. 
Ultra-violet microscopy of living malignant cells. 
Mure, Land., 162:650-651. 

Lythgoe, B., and A. R. Todd. 1947. Structure and 
synthesis of nucleotides. Symp. Soc. exp. Biol, 
1: 15-37. 

McCarty, M. 1946. Purification and properties of 
desoxyribonuclease isolated from beef pancreas. 
J. gen. Physiol, 29:123-140. 

McDonald, M. 1948. A method for the preparation 
of ‘^protease-free^^ crystalline ribonuclease. /. gen. 
Physiol, 32; 39-42. 

Michaelis, L. 1944. Theory of metachromatic 
staining. BM. Bull, 87: 155-156. 

-. 1947- The nature of the interaction of nucleic 

acids and nuclei with basic dyestuffs. Cold Sping 
Harbor Symp. qmnl BwL, 12: 131-146. 

-, and S. Granick. 1945. Metachromasy of basic 

dyestuffs. J. Amer. chem. Sac., 68 : 1212-1219. 

Mirsky, a. E. 1943. Chromosomes and nucleopro- 
teins. Adt. Enzymol, 3: 1-34. 

Osborne, T. B., and F. W. Heyl. 1908. The pyri¬ 
midine derivatives of nucleic acid. Amer. J. 
Physiol, 21: 157-161. 

OvERENT, W. G., and M, Stacey. 1949. The Feul- 
gen nucleai reactton; mechanism of the Feulgen 
niRdeal reaction, ifotere, L&ni.y 163: 538-540. 

, 'PoixiSTER, A. W., and C. Leuchtekberoer. 1949a, 
The nudeoprotdn content of whole nuclei' Pro€. 
mM. Acad. Sd. U. S, A., 3S: 66-71. ^ 

—and, -■. 19491). ,The nature of the specificity 

of methyl green for' chromatin. Proc. n^. Acad. 

:Sd. 

and „:H.', Ris.;' :'1947. /^Ifudecprotan determina¬ 


tion in cytological preparations. Cold Spring Har¬ 
bor Symp. quafil Biol, 12:147-157. 

Pohyet, j, 1949. L’acide chlorhydrique succ^dane 
de la ribonuclease, dans i’61imination specifique de 
Facide ribonucieique chez les cellules des ^tres 
superieurs aussi bien que chez les bact6ries; aspect 
chimique de la question. C. r. Acad. Set., Paris, 
228: 608-610. 

Ris, H., and A. E. Mirsky. 1949. The state of the 
chromosomes in the interphase nucleus. /, gen. 
Physiol, 32: 489-502. 

Rxjmpe, P. 1935. Recherches physio-chimiques sur 
la reaction color6e des aldehydes, dite ^‘r6action de 
Schiff.” Ann. Chim., 3: 327-442. 

Schmidt, G., R. Cubiles, B. Swartz, and S. J. Thann- 
HATjSER. 1947. The action of ribonucleinase on 
yeast nucleic acid. /. biol Chem., 170: 759-760. 

-, E. PrcKELS, and P. A. Levene. 1939. En¬ 
zymatic dephosphorylation of desoxyribonucleic 
acids of various degrees of polymerization. J. biol 
Chem., 127: 251-259. 

Schneider, W. C. 1945. Phosphorus compounds in 
animal tissue. I. Extraction and estimation of 
desoxypentose nucleic acid and of pentose-nucleic 
acid. /. biol Chem., 161: 293-303. 

Schriner, R. L., and R. C. Fitson. 1944. The Sys¬ 
tematic Idefttification of Organic Compounds, pp. 
62-63. John Wiley & Sons, New York. 

STEDM.4N, Edgar, and Ellen Stedman. 1943a. 
Chromosomin, a protein constituent of chromo¬ 
somes. Nature, Bond., 152 : 267-269. 

-, and-. 1943b. Distribution of nucleic acid 

in the cell. Nature, Lond., 152 : 503-504. 

-, and-, 1944. *‘^Chromosomin’^ and nucleic 

acids. Nature, Lond., 153: 500-502. 

-, and-. 1947. The chemical nature and func¬ 
tions of the components of cell nuclei. Cold Spring 
Harbor Symp. qmnl Biol, 12: 224-236. 

Stowell, R. E. 1942. Photometric histochemical de¬ 
termination of thymonucleic add in experimental 
epidermal carcinogenesis. J. noM. Cancer InsL, 3: 
111 - 121 . 

-. 1945. Feulgen reaction for th 3 nnonucleic acid. 

Stain Technol, 20: 45-58. 

-. 1946a. The specificity of the Feulgen reaction 

for th 3 maonucleic acid. Stain Technol, 21: 137- 
148. 

-. 1946b. Nucleic acids in human tumors. Can¬ 
cer Res,, 6: AZ&AdS, 

-and 2. K. Cooper. 1945. The relative th 3 nBO- 

nudeic add content of human normal epidermis# 
hyperplastic epidermis, and epidermoid cardno- 
mas. Cancer Rm., 5: 295-301, 

—#and A, Zorzoli. 1947. The action of ribo- 
nudease on fixed tissues. Stain Technol, 22: 51- 
61 . ■' 




CYTOCHEMISTRY OF NUCLEIC ACIDS 


291 


Symposid of The Society of Experimental Biology, 1. 
Nucleic acids. 290 pp. Cambridge Univ. Press, 
England. 

Symposium on chemistry and metabolism of nucleic 
acids and their constituents. 1947. Fed. Proc.^ 
6 : 488-522. 

Vbndrely, C. 1949. L’acide chiorhydrique succ6- 
dand de la ribonucldase dans la localisation de 
Tacide ribonucldique chez les cellules des dtres su- 


perieurs aussi bien que chez les bactdries; aspect 
histologique de la question. C. r. Acad. ScL, 
Paris, 228: 606-608. 

ViscHER, E., and E. Chargaff. 1948. The com¬ 
position of the pentose nucleic acids of yeast and 
pancreas. J. Biol Cheni., 176: 715-734. 

Zamenhof, S., and E. Chargaff. 1949. Evidence 
of the existence of a core in desoxyribonucleic acids. 
/. biol Chem., 178: 531-532. 



DEVELOPMENT AND MEDUSA-BUD FORMATION IN THE 

HYDROMEDUSAE 


By N. J. BERRILL 

M.cGill University, NLontreal, Canada 


INTRODUCTION 

HE Hydromedusae or Hydrozoa are 
usually conceived as coelenterate organ¬ 
isms alternating between a sessile hy- 
droid phase which reproduces asexually 
to form medusae, and free-swimming 
medusae which reproduce by means of fertilized 
eggs, the eggs developing into planula larvae which 
settle and grow into hydroids. This is true enough 
of the majority of forms which constitute the 
Hydromedusae, and even of some of the Scypho- 
medusae. There has been a relative lack of em¬ 
phasis upon the reproductive capacities of medusae 
as such, as distinct from their role in settling shal¬ 
low water regions as hydroids and the production 
of new medusa swarms by those h3droids. This is 
undoubtedly a reflection of the comparative ease 
with which sessile hjdroids can be studied from 
coastal laboratories, and the difficulties of investi¬ 
gating the activities of purely pelagic organisms. 

The following review represents an effort to 
bring together what is known concerning the de¬ 
velopmental cycles of medusae as they occur be¬ 
yond the reach of shore or floor of the sea. The 
interest lies mainly in two activities, the develop¬ 
ment of medusa eggs directly into new medusae, 
and the processes of budding by the medusae them¬ 
selves. Both of these refer to the maintenance of 
medusa populations within the ocean currents, 
drifting with the flow as far as it can carry them, 
until changing temperature or food supply puts an 
end to the migration. The hydroids, on the other 
'hand, constitute a seedstock to windward. Four 
orders of the Hydromedusae are generally recog¬ 
nized, the Trachymedusae, Narcomedusae, Antho- 
medusae, and Leptomedusae, 'with some 'greater 
distinction being drawn between the two pairs 
than between the respective 'members of each pair. 
The' adult taxonomy, however, does not' concern 
:us, here,' although it obviously has a krge place in 


any adequate discussion of the question of the 
monophyletic or polyphyletic origin of medusae. 

Development and budding are described in the 
following sections for each of the four orders sepa¬ 
rately, partly because the diversity and variability 
existing among and within them make a straight 
comparative account too complex, and partly to 
emphasize the parallelism that clearly exists be¬ 
tween them. 

Many of the accounts reviewed are old, accurate, 
detailed, and lost from contemporary literature. 
Others are recent, but in many ways, if we discount 
the interpretation of the times, the oldest are de¬ 
scriptively and illustratively the best; this refers 
especially to the monographs of Louis Agassiz, 
Metschnikoff, and not least, Alfred Goldsborough 
Mayer. 

I. TRACHYMEDUSAE AND NARCOMEDUSAE 

The size of the eggs of the Trachymedusae varies 
only within certain rather narrow limits, from the 
small egg of Aglaura of diameter 0.09 mm. to that 
of Gerymia with a diameter about three times as 
great. Even so, the volume difference is about 
thirtyfold. The size range for the eggs of the Tra¬ 
chymedusae is in fact much the same as that of the 
Scyphomedusae (cf. Berrill, 1949b), except that 
none appear to have as small an egg as that of 
Ealiclystus and Luncermria (0.03 mm. diameter). 

In Fig. 1, the developmental stages of Aglmra, 
Liriope, and Geryonia are drawn to the same scale. 
Liriope and Geryonia may be the more directly 
compared. Even though the egg of Gerymia has 
twice the diameter and eight times the volume of 
Liriope, the cleavage and subsequent development 
of both are practically the same. In both, cleavage 
is total and equal, and the blastula is converted into 
a gastmla by delamination of the inner ends of all 
the cells to form an inner endodermal layer. A 
medusa develops directly in each case through 
continued and apparently uniform growth of the 
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inner and outer spheres of cells. That is, with re¬ 
gard to the original polar axis of the egg, there is 
as much expansion in the transverse plane as along 
the polar axis. The planula-like nature of the larva 
which is formed from isolated 8-cell or 16-cell blas- 
tomeres may result from the reduced size of the 
cleaving mass, though it seems more likely to be 
caused by the essentially polar organization, which 
extends from the center to the periphery of the 
intact whole embryo and is dominant in isolated 
cells. 

In any case, the direct development of the 
medusa of Liriope and Geryonia conforms well 
with the correlation shown for the Scyphomedusae 
with respect to egg size and its consequences. It is 
more difficult to account for the direct develop¬ 
ment in the case of Aglaura, The egg is not only 
remarkably small for one that undergoes direct de¬ 
velopment, but the epibolic overgrowth of the 
vegetal by the animal blastomeres represents an 
intense polar organization, in strong contrast to 
the preceding cases. The development of tentacles 
to form a small transient actinula stage in advance 
of tlie final elaboration of medusoid organization is 
strongly reminiscent of the narcomedusal type of 
development. In fact, there is more than a sugges¬ 
tion of heterogeneity within the Trachymedusae, 
and the sharp distinction between the medusoid 
orders based upon adult characters becomes pro¬ 
gressively vague as the organisms become con¬ 
sidered in their entirety in space and time. 

Gonionemtis (Fig, 2) has a small egg of a size 
typical of those which develop into planulae. In 
spite of the fact that the endoderm is formed by a 
regular delamination comparable to that of Gery¬ 
onia and Liriope, the embryo elongates along its 
polar axis to form a planula, instead of developing 
directly to form a young medusa. The development 
of the egg of Craspedacusta (Fig. 3) is in general 
very similar, in so far as it is known, the main 
difference being in this case the more or less polar 
ingression of cells to form the endodermai mass. 

In both Gonionemus and Craspedacusta a minute 
sessile pol 3 q> develops, one witli tentacles and one 
without. In both cases a series of elongated buds 
are produced from the lateral body wall; they have 
acquired the rather unfortunate name of *fras- 
tulesd They are essentially stolon-like outgrowths 
which become constricted off from the parent when 
about four or five times as long as they are wide. 
The epidermis a^^d endodermis appear to be equally 
involved in their formation. A remarkably sirnilar 


production of lateral elongated buds occurs during 
early stages in the life cycle of Haliclystus and 
Lucermria. among the Scyphomedusae (cf, Berrili, 
1949b, c), and also in the Narcomedusae. 

Under certain conditions, at least partly related 
to late growth and season, Gonionemus and Cras¬ 
pedacusta polyps produce buds which develop a 
medusoid organization before they are set free. 
In both forms the essential structure in this de¬ 
velopment is the formation of an entocodon (glock- 
enkern, medusa-bell), something which is uni¬ 
versally characteristic of medusa development 
throughout the orders Anthomedusae and Lepto- 
medusae, but is absent in the Narcomedusae and 
the Scyphomedusae. The marine Gonionemus is 
the more typical in this respect. The two fresh¬ 
water forms, Limnocnida and Craspedacusta, are 
remarkable in that the entocodon arises in the one 
as an open invagination of the distal epidermis of 
the medusa bud, and in the other by a process 
recognizably the same. This is in contrast to the 
origin of the entocodon in the Anthomedusae and 
Leptomedusae, an origin by delamination from a 
solid mass of tissue, of ectodermal origin in some, 
endodermai in others (Liu and Berrili, 1948). 

Little is known concerning the early embryonic 
development of the Narcomedusae as a whole, and 
egg size and cleavage patterns are recorded only 
for Solmaris and Solmundelh. A comparison of the 
early development of the trachymedusan Aglaura 
and Liriope with that of Solmaris is of some in¬ 
terest. In the case of Aglaura and of some eggs of 
Solmaris, the third or horizontal division is un¬ 
equal, and the animal-pole cells overgrow the vege¬ 
tal by a process of epiboly to form the two-layered 
gastruia. On the other hand, in the case of Liriope 
and of other eggs of Solmaris, the third cleavage is 
an equal one, and the gastmla in each of these is 
attained by central delamination of the inner ends 
of the ceils of the blastula. It is probably incorrect 
to suppose that the difference in mode of endo¬ 
derm formation is a consequence of inequality or 
equality at the third cleavage. It is more likely that 
inequality and epiboly are both expressions of a 
relatively intense polar organization of the cleav¬ 
ing egg. In spite of the extraordinarily large size 
of the egg of Solmaris flmescms, the largest re¬ 
corded for any medusa, the eggs develop much as 
do the rnuch smaller eggs of Solmaris 'kmosiyla, 
exhibiting the same variability in cleavage and 
, gastraIation.,;'Pi'e experiments of MaaS' (I^?), on 
,'8^'to, ,12-c^y,^ryos^ showed''definitely' ,that'>, 
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marked differentiation already exists at that stage 
along the polar axis. 

The eggs of both Sohmris and Solmtmdella (Fig. 
4) develop into medusae without passing through 
a sessile stage of any form. Whether cleavage has 
been equal or unequal, a planula-shaped embryo is 
produced before the medusoid form develops. In 
Solmans one end of the embryo develops a beU 
margin and tentacle rudiments, not unlike the 
mode of development of Aglaura^ and markedly 
different from that of Liriope and Gerymia, Both 
Brooks (1886) and Mayer (1910) regarded this 
type of development as one involving the transient 
formation of an actimila, that is, a non-attached 
hydra-like organism. The elongate pianula-shaped 
larva of Solmutdella is more difficult to interpret, 
for it is the central region which develops into the 
body of the medusa, and the two ends survive as 
the two tentacles of the adult. The limitation of the 
final tentade number to two has undoubtedly im¬ 
pressed itself upon the course of early develop¬ 
ment. 

The other Narcomedusae have a more complex 
developmental history, in part due to a parasitic 
phase, in part to an alternation of sexual and asex¬ 
ual methods of reproduction. It is not always clear 
which has been the origin of a particular medusa, 
but species of FeganlJmy Cunina^ and Cumctantha 
(Figs. 4-6) do appear to have eggs which are modi¬ 
fied in relation to the parasitic faculty. The eggs 
are in each case accompanied by a nurse cell that 
appears to nourish them during the early stages of 
cleavage, and the eggs at the time of fertilization 
are little if any larger than most kinds of tissue 
cells, that is, the usual size of oocytes before the 
onset of the growth phase. 

Growth of course is necessary before anything 
approaching the medusoid or any other organiza¬ 
tion can be expressed, but the remarkable fact here 
is that sudi growth occurs after instead of before 
the onset of development of the egg. It is, however, 
only an assumption that the relatively minute size 
of the (less than 10 microns diameter) is a 
secondary response to a form of parasitism. It is a 
possibility that should hot be overlooked that we 
have' here a .survival of a primeval type' of xgg, a 
survival made possible only by the peculiarities of 
its'Special environment. 

The primary embryo of these Narcomedusae 
may develop directly, into a medusa, or by way of ■ 
an actinula, parasitic on other''medusae',. which 
produces secondary medhtoe/by, means'of aboral' 


buds; or into a proliferating mass that subdivides, 
as for example in the polyembryony of certain 
bryozoans, to form numerous presumptive medusa 
buds. The variability of the budding site, as illus¬ 
trated at least by the aboral budding stolon of 
CunodantJm odonaria (Fig. 6), the external vrall 
of the stomach pouches of Cumctantha fowled, 
and the inner lining of the gastric cavities of 
Cunina peregrhia and Pegantha data, suggests a 
multiple origin of the process. Aboral budding of 
actinulae and of immature medusae of Cumctantha 
and Cunina may be homologous, the differences re¬ 
flecting a temporal distinction, but the three sites 
referred to above appear to be basically distinct, 
and budding accordingly appears to be poly- 
phyletic. 

In all of the Narcomedusae known to produce 
medusae by budding, directly or indirectly, the 
process of budding is associated with the earlier 
developmental stages. Buds are produced the most 
rapidly in those forms in which they are produced 
soonest in the growth cycle as a whole, e.g., rapidly 
in internal budding, more slowly in juvenile stages, 
e.g., by actinulae, and more slowly again in im¬ 
mature medusae. The attainment of sexual ma¬ 
turity appears to follow the cessation of the bud¬ 
ding activity. This should not be regarded as an 
incompatibility between the two t 5 q)es of repro¬ 
duction, which in fact are not always disassociated, 
but as an inverse correlation. Budding is associated 
with active growth, occurs in direct proportion to 
the rate of growth, and ceases as growth slows to an 
end. Sexual maturity on the other hand develops 
with the attainment of near-maximum size or 
with cessation of growth. 

While some Narcomedusae do not seem to have 
a parasitic phase in their life cycle, e.g., Solmaris 
and Solmundella, the majority of those of which the 
life cycle is known with some degree of complete¬ 
ness do have such a phase. It is a purely pelagic 
association, for the most part between medusa and 
medusa, and even when the host is an annelid it is 
the pelagic genus Tomopt&is. Only in the case of 
the ubiquitous Polypodium^ parasitic in the eggs of 
the sturgeon, do we have a benthic animal in¬ 
volved, and the incompleteness of this fantastic 
story leaves much to conjecture. 

In a general way there seems to be a degree of 
spedficity between parasite and host forms, but 
it is none too definite and may in part at least be 
due to propinquity of species in space and time. 

' The,parasitism itself appears in twoiorms,.'Theife is 
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a more definite and obvious parasitism, such as hemistoma develops in a semi-direct manner into a 
that of Cunoctantha octonaria on Turritopsis, and medusa. Cleavage is total but unequal, and the 8- 
the less tangible form where medusae develop free cell stage consists of 4 micromeres and 4 macro- 
in the gastric cavities of the parental or some other meres. The larger cells become the endoderm and 
medusa, in which they obtain nourishment from are enveloped by the micromeres through a form of 
the liquid gastrovascular medium of the host. epiboly, and a solid planula develops. The planula 



Fig. 1. Bevelobment oe TiiACHvmDusAE 


Family Geryonidae: A-F, Liriope mucronaia; G-H, Geryonia prohoscUdis. 

Family Trachynemidae: f-N, Aglmra hemistma, (After Metscimikof.) 

The developmental history of the trachymedu- is elongated and the endodermal cells form a single 
sans and narcomedusans for which it is known is row. The ciliated free-swimming larva develops 
given below in more detail. In most cases there is a totacles. The first indication of this is a prolifera- 
novel interest that does not lend itself well to a tive activity of endodamal cells in a transverse 
comparative account. plane near one end of the planula, and a pair of 

tentacles emerges, followed by a second and inter- 
Trmhyfmdusae vening pair a little later. In fact, a small actinula 

AgUdra Peron and (Fig. i, or hydra-like form is produced, with 4 totades 

I--K0. Accor^g to Metsc^ (1886), the com- around a terminal manubrium and mouth (Fig, 1, 
parativel^ small Ogg (0.09 min. diam.) Of M). Lithocyst dubs, which appear essentially to be 
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modiiied tentacles, then grow out betiveen the ten¬ 
tacles. The beli niargiiij that is, the swimming or¬ 
gan of the adult, appears last of all, as an out¬ 
growth of the expanding rim between the bases of 
the tentacles and iithoc3"st clubs. 

The development of the related form, Rlio- 
palenema velaium Gegenbaur, which has the more 
usual egg size of 0.24 mm., is not known. 

Among the Geryonidae, only the development of 
Liriope and Geryonia is known. Neither form has an 
egg exceptionally smah or large. Their develop¬ 
ment is much alike, the only obvious difference 
between them being the production of six primary 
tentacles from the relatively larger embryo of 
Geryonia^ compared with four in Liriope, 

Liriope mucromta (Gegenbaur (Fig. 1, A~F) was 
studied by Metschnikoff (1886). The egg, diameter 
0.135 mm., undergoes total and equal cleavage, 
while the innermost ends of the cells of the 16-celI 
stage delaminate to form the endoderm. Jelly is se¬ 
creted between the two layers, the ectoderm be¬ 
comes ciliated, and the embryo consequently 
swims. Continued secretion of jelly virtually forces 
the endoderma! vesicle towards one pole of the ec¬ 
todermal vesicle (Fig. 1, E, F). The mouth breaks 
through and four short tentacles appear. The 
velum is primarily an ectodermal outgrowth. 
Whether any stage in this process may legitimately 
be called an actinuia is a matter of interpretation. 
Brooks (1886), working with the closely allied 
American species Lirwpe scutigera McCrady, found 
its development to be practically the same. Eight 
solid tentacles are formed, and according to Brooks 
the peristome in a sense pushes inwards to form the 
siibumbrella. 

Geryonia proboscidalis Eschscholtz (Fig. 1, G-H) 
has eggs which vary in diameter from 0.23 to 0.33 
mm., the development of which has been studied 
by Fol (1873), Metschnikoff (1886), and Maas 
(1908). The general development is essentially 
similar to that of Liriope^ and it is notable that 
there is the same delamination of the inner ends 
of tlie blastula cells of the 16-cell stage to form the 
endodermal vesicle. According to Maas, the un¬ 
divided egg has a cortical layer of fine cytoplasm, 
an inner layer exhibiting a foam structure, and a 
central gelatinous region. This conforms well with 
the delaminating segregation (Fig. I, G). Maas 
also found that isolated 2-cett biastomeres give rise 
to perfect medusae, but that cells isolated at the 
8-16-ceIl' stage yield larvae much more like 
planulae. 


It is notable that the whole egg of Aglaura has a 
volume less than an isolated biastomere of the 8- 
or 16-cell stage of Geryonia^ and both its form 
of cleavage and epibolic manner of gastrulation 
indicate a polar organization more comparable 
with the isolated biastomere than with the whole 
egg of Geryonia. 

Gonionemus (Fig. 2, A-L) and Craspedacusta 
Mayer, according to Perkins (1903), produce small 
eggs of about 0.07 mm. diameter (not 0.7 mm., as 
quoted by Mayer, 1910). Cleavage is total and 
equal and gives rise to a hollow ciliated blastula. 
The inner ends of all the blastula cells delaminate 
to form the endoderm, at a stage later than the 32- 
cell stage. Increase in size of the endodermal cells 
thus segregated results in the obliteration of the 
internal cavity. The larva elongates to form a free- 
swimming planuia with one end broader than the 
other, the broad end becomes attached, mouth and 
tentacles appear at the opposite end, two at first, 
then a second pair. In this form it feeds and per¬ 
sists as a hydra (Fig. 2, D). 

Buds are subsequently produced from near the 
base of the body wall of the attached po^q). A bud 
appears as a simple outgrowth involving both lay¬ 
ers. Perkins found that the outgrowth of the bud 
up to the time of constriction occupied about 5 
days, that there was a non-ciliated motile creeping 
phase of from 2 to 4 days, and that tentacles ap¬ 
peared 3 to 5 days after reattachment. According 
to Joseph (1925), while both epidermis and endo- 
dermis grow out to constitute the bud, active cell 
proliferation is more obvious in the epidermis of 
the young bud (Fig. 2, J). Joseph also described 
the formation of buds from all sides of the polyp 
base, and a succession of buds given off from each 
site. 

Perkins was unable to observe the origin of 
medusae, but suspected a direct transformation of 
the polyp into a medusa. Joseph, however, found 
that medusa buds are produced from the body wall 
of the polyp at sites similar to those forming the 
planula-like buds, although apparently during the 
later growth phases of the polyp. The epidermis 
and endodermis both take part in this case also, 
but the terminal activity of the outgrowth appears 
to be different. Proliferation of the center of the 
distal end, especially of the epidermis, is much more 
intense, and it is fairly clear from Josephus figures 
that a t 3 q)ical epidermal entocodon is produced as 
the initial stage in the formation of the medusa 
(Fig. 2, L). There is obviously no outward thrust 
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of endodermis as in the first type of bud, and 
growth is relatively tangential 
Limnocnida tanganicae (Fig. 2, M-P) is another 
freshwater form, assigned to a family of its own 


wall, involving both epidermis and endodermis. 
They pulsate before being set free. Sometimes bud¬ 
ding stolons grow out. Gonads develop only after 
budding has ceased. 


A 



B 






Fig, 2. Development of Trachymedusae 


M 



Gonionemus murhachii (Olindiadae): A-C, segmentation, dekmination, and panuk; D, initiation of kterai bud; 
E, same one day kter; F, four days later; G, H, another bud at a 15 minute interval; I, formation of multiple 
lateral buds from young hydranth; J, section through bud rudiment; K, older hydranth with both a lateral pktmla 
bud and a larger medusa bud: L, section through medusa bud showing advanced entocodon. (A-H, after Perkins: 
I-L, after Joseph.) ' ' ^ , 

Limmcnida tanganyica (Limnocnididae): M, young medusa, showing marginal medusa buds; H, formation of 
entocodon by distal invagination; 0, P, kter stages in medusa formation. (After Boulenger.) 

among the Tradiymedusae. In this case neither the Medusa buds are formed in essentially the same 
development of the egg nor the nature of the way as in involving the fo 

hydroid is known. Medusa buds, how'ever, are pro- of an entocodofi and a t 3 ^ical subsecjumt deyelop- 
duced on the outer side of tie riin Of the stomach meat. The unique feature lies in the ^ m 
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modilied tentndes, then grow out between the ten¬ 
tacles. The bell raargiiij that is, the swimming or¬ 
gan of the adult, appears last of ail, as an out¬ 
growth of the expanding rim between the bases of 
the tentacles and iithocyst clubs. 

The development of the related form, Rlw- 
pdlene-ma velatum Gegenbaur, which has the more 
usual egg size of 0.24 mm., is not knowm. 

Among the Geryonidae, only the development of 
Liriope and Geryonia is known. Neither form has an 
egg exceptionally small or large. Their develop¬ 
ment is much alike, the only obvious difference 
between them being the production of six primary 
tentacles from the relatively larger embryo of 
Geryonia^ compared with four in Liriope, 

Liriope mucromia (Gegenbaur (Fig. 1, A-F) was 
studied by Metschnikoff (1886). The egg, diameter 
0.135 mm., undergoes total and equal cleavage, 
while the innermost ends of the cells of the 16-cell 
stage delaminate to form the endoderm. Jelly is se¬ 
creted between the tw’-o layers, the ectoderm be¬ 
comes ciliated, and the embryo consequently 
swims. Continued secretion of jelly virtually forces 
the endodermal vesicle to^vards one pole of the ec¬ 
todermal vesicle (Fig. 1, E, F). The mouth breaks 
through and four short tentacles appear. The 
velum is primarily an ectodermal outgrow’-th. 
Whether any stage in this process may legitimately 
be called an actinula is a matter of interpretation. 
Brooks (1886), working with the closely allied 
American species Liriope scutigera McCrady, found 
its development to be practicaEy the same. Eight 
solid tentacles are formed, and according to Brooks 
the peristome in a sense pushes inwards to form the 
siibumbrella. 

Geryonia proboscidalis Eschscholtz (Fig. 1, G-H) 
has eggs which vary in diameter from 0.23 to 0.33 
mm., the development of which has been studied 
by Fol (1873), Metschnikoff (1886), and Maas 
(1908). The general development is essentially 
similar to that of Liriope^ and it is notable that 
there is the same delamination of the inner ends 
of the blastuk cels of the i6~ceU stage to form the 
endodermal vesicle. According to Maas, the un¬ 
divided egg has a cortical layer of fine cytoplasm, 
an inner layer exhibiting a foam structure, and a 
central gelatinous region. This conforms wel with 
the delaminating segregation (Fig. I, G). Maas 
also found that isolated 2-cel blastomeres give rise 
to perfect medusae, but that cels isolated at the 
8-' hr'. 16-cell, stage yield larvae much more like 
'plamilae, bb'' ' 


It is notable that the whole egg of Aglaura has a 
volume less than an isolated blastomere of the 8- 
or 16-cell stage of Geryonia, and both its form 
of cleavage and epibolic manner of gastrulation 
indicate a polar organization more comparable 
with the isolated blastomere than with the whole 
egg of Geryonia. 

Gonionemus (Fig. 2, A-L) and Craspedacusta 
Mayer, according to Perkins (1903), produce small 
eggs of about 0.07 ram. diameter (not 0.7 mm., as 
quoted by Mayer, 1910). Cleavage is total and 
equal and gives rise to a hollow ciliated blastula. 
The inner ends of all the blastula cells delaminate 
to form the endoderm, at a stage later than the 32- 
cell stage. Increase in size of the endodermal cells 
thus segregated results in the obliteration of the 
internal cavity. The larva elongates to form a free- 
swimming planula with one end broader than the 
other, the broad end becomes attached, mouth and 
tentacles appear at the opposite end, two at first, 
then a second pair. In this form it feeds and per¬ 
sists as a hydra (Fig. 2, D). 

Buds are subsequently produced from near the 
base of the body wall of the attached polyp. A bud 
appears as a simple outgrowth involving both lay¬ 
ers. Perkins found that the outgrowth of the bud 
up to the time of constriction occupied about 5 
days, that there was a non-ciiiated motile creeping 
phase of from 2 to 4 days, and that tentacles ap¬ 
peared 3 to 5 days after reattachment. According 
to Joseph (1925), while both epidermis and endo- 
dermis grow out to constitute the bud, active cell 
proliferation is more obvious in the epidermis of 
the young bud (Fig. 2, J). Joseph also described 
the formation of buds from all sides of the polyp 
base, and a succession of buds given off from each 
site. 

Perkins was unable to observe the origin of 
medusae, but suspected a direct transformation of 
the polyp into a medusa. Joseph, however, found 
that medusa buds are produced from the body wall 
of the polyp at sites similar to those forming the 
planula-like buds, although apparently during the 
later growth phases of the polyp. The epidermis 
and endodermis both take part in this case also, 
but the terminal activity of the outgrowth appears 
to be different. Proliferation of the center of the 
distal end, especially of the epidermis, is much more 
intense, and it is fairly dear from Josephus figures 
that a typical epidermal entocodon is produced as 
the initial stage in the formation of the medusa 
(Fig. 2, L). There is obviously no outward thrust 
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of endodermis as in the first type of bud, and wall, involving both epidermis and endodermis. 
growth is relatively tangential. They pulsate before being set free. Sometimes bud- 

Limnocnida tanganicae (Fig. 2, M-P) is another ding stolons grow out. Gonads develop only after 
freshwater form, assigned to a family of its own budding has ceased. 



Fig. 2. Development op XEACHYMEnusAE 


Gonionemiis murbachii (Olindiadae): A-C, segmentation, dekmination, and panula; D, initiation of lateral bud; 
E, same one day later; F, four days later; G, H, another bud at a 15 minute interval; I, formation of multiple 
lateral buds from young hydranth; J, section through bud rudiment; K, older hydranth with both a lateral planula 
bud and a larger medusa bud; L, section through medusa bud showing advanced entocodon. (A“H, after Ferkins; 
I'L, after Joseph.) 

Limmmida tanganyica (Limnocnididae): M, young medusa, showing margmal medusa buds; N, formation of 
entocodon by distal invagination; 0, P, later stages in medusa formation. (After Boulenger.) 

among the Trachymedusae. In this case neither the Medusa buds are formed in essentially the same 
development of the egg nor the nature of the way as in Craspedacusta, involving the formation 
hydroid is known. Medusa buds, however, are pro- of an entocodon and a typical subsecjuent develop- 
duced on the outer side of the rim of the stomach meat. The uhidite feature lies in the mode of de- 
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velopment of the entocodon itself. This structural the invagination is discernible as a downgrowth 

unit is in any case the basis of the essential tetra- from the distal center. 

radial organization of the medusa, but in aU other Craspedacusia sowerbii (Fig. 3), also a fresh- 
cases it arises from a solid mass of distal epidermal water form, appears to be in many ways very 

tissue. In this instance (cf. Boulenger, 1911) the similar to Gonionemus. The egg cleaves totally to 





Fig. 3. DeVEIX>P1<CENX AISTD BUDBING in the TltA-CBCXMEBtrSAN Craspedacusta sowerbii (A-M) and the Nar- 

COMEDTTSAN PomiPODIUM BreDRIEORME (O-R) 

C. smmUi: A, B, blastula and gastralation; C, formation and separation of lateral bud from hydranth; D, 
l-hydranth colony; E, 3-hydranth colony with lateral bud separated, three days later; F, same colony six weeks 
later with medusa hud; G, twelve days later, medusa bud advanced, hydranths resorbed; H, medusa bud^ com¬ 
plete, one day later; I, five days later, medusa liberated, remnant reorganized into new hydranth; J-M, initiation 
of medusa bud and formation of entocodon by virtual invagination. (After Pa 3 me.) 

P. h^driforme: 0, free polyp in walking position; P, part of budding stolon within a sturgeon egg, with three 
inverted polyps; O, stolon showing terminal polyps and bases of others, with basal split anticipating eversion; R, 
section tnrongh older polyp showing small gonads, (After Lipin.) 

central distal region of the outgrowth actually in- form a hollow blastula and is (inverted into a 
yagmate, and the pianula by a broad ingression from one pole 

stricts off as a subepidermal veside, the entocodon (Payne, 1926). The hydroid or polyp stage, origi- 
(Fig. 2, N, 0, P), This is not necessarily the most naHy call Mtaohydm ryderi, was long suspected to 
primitive method, but in a developmental sense it be the progenitor of the medusa Crasp&dacmta, 
, is tlh6 simplest and most understandable. 'The pro-; and Payne'(1924,1926) finally Mowed through the 
, eedure in CrmpeicmsU., however, is only a little complete life cyde. The polyp differs froni that of 
for while hoopen invagination is present,'" 'Gomanmu^^ 'in' the absence of tentades'^d in the 

'■ .v'' ., ', "'' , ^ '' 

If«l . u', ' . 'V, ' '' ' ' ' ' " ' : ' ' " 
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tendency of buds to remain attached together to 
form simple colonies. Buds are produced which are 
set free, however, and have the same capacity of 
non-ciiiated migration. The manner of formation 
and segregation of the bud is somewhat distinctive, 
and consists of a more or less longitudinal constric¬ 
tion of the end from the long axis of the polyp 
(Fig. 3, C). The bud finally constricts off from the 
basal part of the polyp and is essentially like that 
of Gonionemus. 

Medusa buds appear late in the growth season, 
and from the lateral wall, never by terminal trans¬ 
formation. Once initiated a bud continues to grow 
until development is complete, even at the expense 
of resorption of the feeding zooids (Fig. 3, F-H). 
Residual fragments of the colony tissue may re¬ 
constitute a polyp (Fig. 3,1). The outgrowth lead¬ 
ing to the formation of a medusa bud consists of 
both epidermis and endodermis, as in the case of 
the other types of buds, but again as in Gonime- 
mus, the central distal epidermal proliferation is 
much more intense than that of the adjacent endo¬ 
dermis, and the epidermis segregates as a typical 
entocodon, thereby initiating medusa organization 
(Fig. 3, J-M). 

Narcomedusae 

The Narcomedusae have lithocysts of endo- 
dermal origin like the Trachymedusae, but the ring 
canal is not well formed and is subject to great 
variability in development. There are two families, 
the Solmaridae, without stomach pouches, and the 
Aeginidae, with marginal pouches in the radii of 
the tentades. 

Two species of Solmaris have been studied. Ac¬ 
cording to Metschnikoff (1886), Solmaris leuco- 
siyla Haeckel produces eggs with a diameter of 
0.127 to 0.147 mm., which undergo total cleavage. 
Cleavage may be equal or unequal. Equal cleavage 
leads to the formation of a solid morula which de¬ 
laminates centrally. In the case of unequal cleav¬ 
age, a comparable result is obtained by epiboly. 

Solmarisftavescens (Kdlliker), according to Maas 
(1902), in spite of a large egg size varying from 
0.8 to 1.5 mm. diameter, develops in the same way 
as S, leucostyh. The third or horizontah cleavage 
may be equal or unequal. In the case of equal 
deavage, the inner ends of the morula cells de¬ 
laminate, and an oval planula is formed. Jelly is 
secreted at the upper end between the two layers 
thus produced, separating the exumbrellar ecto-' 
derm from th® subumbrellar endoderih. Tentacles 


grow out from the margin as wide basal bulbs. The 
bell margin itself grows beneath and between the 
tentacles, and the mouth finally breaks through. 

Blastomeres isolated at the 2-celi stage form ap¬ 
parently normal planulae and medusae. The'S-cell 
stage, separated into small 4-celled animal and 
large 4-celied vegetal tiers of cells, gives rise to a 
small degenerate and a large, irregular embryo 
respectively. On the other hand, the 8- to 12-ceii 
stage cut meridionally gives rise to more or less 
normal medusae. There is evidently a polar or¬ 
ganization axis in the egg. 

Solmundella hitentaculata var. mediterranea Haec¬ 
kel (Fig. 4, O-S), also studied by Metschnikoff 
(1886), has eggs of diameter 0.23 mm. Cleavage is 
total and equal. After the 16-celi stage, endodenn 
is formed by a very general kind of multipolar in- 
gression, with cells migrating from almost every 
point into the interior to fill it up. The larva then 
elongates, the ectoderm becomes ciliated, and the 
whole resembles a detached tentacle of some hy- 
droid. The endodermai cells at both ends become 
disk-like and are set in a single row, with the two 
parts separated by a parenchymal central mass. 
The two ends form two tentacles, and the center 
forms the body of an actinula larva, which is at 
first mitre-shaped, with two long stiff tentades. 
The mouth breaks through and a digestive cavity 
forms in the center of the parenchymal mass. Jelly 
forms above the digestive cavity between the two 
layers. The bell margin grows out from the sides 
of the larva after the actinula has been formed. 
While the early ciliated larva resembles a greatly 
elongated planula, this appearance seems to be the 
result of precocious tentade formation, and the 
peculiar conformation is owing to the limitation of 
the final number of adult tentades to two (Fig. 4, 
O-R). 

Reproduction in two species of Feganika has 
been described by Bigelow (1909). In Fegan$ha 
smaragdina H. B, Bigelow (Fig* 4, F-K), the eggs 
are of endodermai origin and devdop in the ex- 
umbrella of the parent near the Margin of the gas¬ 
tric cavity. Each is associated with an ameboid 
cell that divides amitotically. This is the nurse cell, 
and Its importance is emphasized by the smalkm 
of the egg itself. The egg, in fact, is almost unbe¬ 
lievably small, and while Bigdow did not give 
actual dimensions, his illustrations drawn to scale 
indicate a diameter of 7 or 8 microns, hardly larger 
than ordinary tissue cells (Fig. 4, F). 

The egg cell divides completdy and gives rise to 
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Fig. 4. Development oe the NARCOMExmsAE 

dam: A, medusa of Feriphylla with polypaand medusae of P. dam in gastric cavity; B, primary poiyp 
or actimiia with tentacles and buds; C, bud becoming an actinula and producing a bud chain; B, E, transformadon 
of actiniila'into,medusa. (After Eramp.) $ 

Pe,gani'ha smarygdina: F, drceli stage, together with nurse cell; G, 2-“layered embryo with nurse cell; H, develop¬ 
ing actinula; I, actinula with tentacles and bud; J, actinula with bud forming and with first bud in actinula stage; 
E, medusa ready for liberation. (After Bigelow.) 

^ ^FegafUha hem:'L M, N, proliferating mass, bud forming and bud set free, in internal budding from gastric 
lining. (Alter Bigelow.) ■' 

Sdmvnddh h&mdactiaSa: 0, cleavage in egg; P, elongate embryo; Q, R, transformation of embryo into 2- 
tentaded 'laxvU' and actinula, respectively; S, mature form. (0-R, after Metschnikoff; S, after Mayer.) ■ 
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a solid morula (Fig. 4, G). As individual cell size is 
maintained, growth must accompany progressive 
cell division. The larva penetrates the endodermis 
and comes to lie in the parental gastric cavity, 
losing the nurse cell in the process. Larval endo- 
derm is formed by secondary delamination, how¬ 
ever, before the migration occurs. The planula-like 
embryo, about 30 microns long, develops into a 
more elongated larva with a chordate endoderm, 
similar to the tentacle-like larva of Solmmidella, 
Its development is somewhat different, for a mouth 
appears at one end, and the bulk of the larva forms 
the primary tentacle, not the pair of tentacles as in 
Solmundella. A second tentacle develops opposite 
the first, and others in between at a later stage 
(Fig. 4, H). 

When larvae have acquired four or more tenta¬ 
cles, they usually commence to bud, and at this 
stage are very numerous, lying in the canal system 
of the parent-host. Budding occurs at the aboral 
pole and involves both layers. A bud may separate 
from the parent larva while still a mere sac or re¬ 
main attached until it in turn possesses tentacles 
and a mouth at its distal end. Only one or two buds 
are in process of formation at one time. 

Buds thus produced develop or metamorphose 
into medusae. A bell margin appears as a ridge 
just oral to the tentacles, while flattening ensues, 
together with a progressive increase in the number 
of tentacles. Lithocysts are the last organs to ap¬ 
pear, and then the medusae are set free from the 
parental cavities (Fig. 4, K). 

In the second species, Pegantim la&uis H. B. 
Bigelow (Fig. 4, L-N), Bigelow (1909) found a 
process of internal budding taking place from the 
endoderm of the peripheral canals, possibly from 
the ring canal alone. Only the endoderm is in¬ 
volved, and the proliferating ridges give off solid, 
ciliated, momla-like structures (Fig. 4, L-N). 
Whether they are liberated to develop independ¬ 
ently, or whether they acquire some other host is 
not known. 

Kramp (1947) found the larvae of Pegantha clara 
B. P. Bigelow (Fig. 4, A-E) to be floating parasites 
within the gastric cavity of Periphylla pmphylla 
(Fig. 4, A), He distinguished two complexes of 
larvae in the youngest stages; one which differs in 
shape from the others he regarded as the primary 
Jarva, from which the others are produced by bud¬ 
ding. When a bud attains a certain size, it becomes 
a free actinuk with 2 and later 4 tentacles. A chain 


of actinula buds set free from the primary form 
may occur (Fig. 4, C); the actinula becomes me- 
dusoid by forming a circular collar just outside the 
tentacles. The medusae escape at about the time 
the mouth perforates. 

The two remaining genera, the dosely related 
Cunina and Cmoctanthaj have been more widely 
studied. According to Bigelow (1909), internal 
budding similar to that of Pegantha laevis occurs 
in Cunina peregrina H. B. Bigelow (Fig. 5). In 
young individuals without gonads, ridges and 
thickenings develop on the oral surface of the gas¬ 
tric lobes. These are wholly of an endodermic na¬ 
ture, and proliferate to give off true buds. Buds 
at the time of constriction consist of about 24 cells 
and are set free into the parental gastric cavity 
(Fig. 5, A“C). Their later history is unknown but 
may be surmised in the light of what is known 
concerning other species of Cunina. In fact, Bige¬ 
low tentatively identified as C. peregrina a stolon 
found parasitically attached to the subumbrellar 
surface of a Rhopalonema velatum^ together with 
some medusae recently detached from it. Cunina 
and Cunoctantha species are not self-parasitizing 
like Pegantha, but exploit other medusae, es¬ 
pecially Geryonia and Turritopsis. 

Cunina prohoscidea Metschnikoff (Fig. 5, I-P) 
has been studied by Metschnikoff (1886), Wol- 
tereck (1905), Stschelkanowzew (1906), and by 
Hanitzsch (1921). According to Stschelkanowzew, 
there are three phases to the life cycle; the large, 
free-swimming, sexually mature C. prohoscidea with 
9 to 14 tentacles; a small 4-tentacied medusa, de¬ 
veloped from an egg, attached to the stomach wall 
of the parent; and a budding stolon-like krva, 
either developed from an egg, attached to the 
stomach wall of the parent, or developed from the 
egg of the 4-tentacled medusa which becomes 
parasitic on Geryonia. Medusae asexually set free 
from the stolon become the large sexual C. pro¬ 
hoscidea. The egg of the 4-tentacled parasitic me¬ 
dusa undergoes total and equal cleavage, asso¬ 
ciated with a nurse cell, to form a solid morula 
(Fig. 5, I-K). The endoderm is formed by de- 
kmination. Two pairs of tentacles are successively 
formed, after which the bell margin and velum 
grow out from the sides, and a mouth breaks 
through. The medusa is not set free, and with the 
subsequent growth of the gonads it degenerates 
into a mere sac. 

Hanitzsch (1921) found the developmental cyde 



302 


THE QUARTERLY REVIEW OF BIOLOGY 


to be even more complex. He confirmed Metschni- while sexually immature, constricts ofi a series of 
koff that the egg is accompanied by a nurse cell, buds from a central dorsal stolon (Fig. 5, M, N), 



Fig. 5. Development oe the Kaecomedusae; Ctjniha 


C, A-C, internal budding. A, section through margin of medusa showing internal budding tissue in 

angle of gastric cavity, and gonad on outer, epidermal, smdace; B, endodermal proliferatmg tissue wili bud about 
.to be set free; C, bud free in gastric cavity. (After-Bigelow.) 

■ €. Dj^side view of mature medusa with first sexual generation within stomach cavity; E, F, G, suc¬ 

cessive stages in growth of sexual generation; H, median section of one of the same sexual medusae showing an 
aboral medum bud, {After Mayer.), 

- ' J, 2-, and '4-celi stages-with nurse cells m parasitic generation; K, 2-layered embryo; L, M, 

dorsal and sde view of first sexual medusa form with aboral medusa bud; N, section throu^ &st sexual medusoid 
fc«n with aboral budding stolon; 0, egg of first sexual form; P, diagram of semi-hypothetical life cycle of C. pnh 
wadea,».% {I--M, ft after Metsclmdkof; N, P, after Hanitz^ 

......."Rp.egg.may ,be, fert!lwd».,.iii. which case: it'gives '.then ceases to'do-so and mEtinues to grow into, a 

rise to a small y male medum* Or it may develop dwarfed female;medusa. -''The 'buds* formed -m' - the': 
|ljaridi€mc^geEete into a so-called «r-larva. process develop mto ^-larvae,'. each-' with a simfiar' 
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budding stolon, and then grow into dwarfed fe¬ 
male medusae. Fertilized eggs from the products of 
dwarfed y male medusae and iS-female medusae 
yield budding stolon larvae of type I, the buds of 
which develop into large male medusae. Partheno- 
genetically developing eggs of dwarfed a-female 
medusae produce budding stolon larvae of type II, 
the buds of which form large female medusae. The 
cycle is shown diagrammatically in Fig. 5, P. 
The stolon larvae of types I and II are liberated 
from the parent forms and become parasitic with¬ 
in Gerymia. 

Cunim prolifer a Gegenbaur has a cycle essen¬ 
tially the same as that of C, prohoscidea (Stschel- 
kanowzew, 1906). The aboral buds produced by the 
medusae attached to the stomach wall of the par¬ 
ent host (Fig. 5, D-H) are formed in a pattern 
distinct from those of C, prohoscidea (Hanitzsch, 
1921). 

Several species of CunoctantJm have been inves¬ 
tigated (Fig. 6). The cycle of Cunociantha octonaria 
Haeckel has been studied by Brooks (1886) and 
Wilson (1887). The earliest stages are unknown. A 
two-layered ciliated planula-like larva attaches it¬ 
self by its mouth to the bell margin of Turritopsis 
ntdricula McCrady. The cilia disappear and two 
pairs of tentacles appear successively at the aboral 
pole. The larva then enters the bell cavity of the 
host and clings to the wall of the subumbrella 
(Fig. 6, A). A long throat-tube is then developed 
and inserted into the mouth of Turritopsis^ and the 
larva becomes therefore a parasitic actinula. 

Other and similar larvae, which are budded off 
from the aboral pole between the tentacles, develop 
like the primary larvae (Fig. 6, B). They continue 
development, however, to become medusae. The 
bell or umbrella appears as four lobes between the 
four tentacles (Fig, 6, D), after which four new 
tentacles appear and the velum grows between the 
lobes. 

According to Metschnikoff (1886), Mayer 
(1901), and Woltereck (1905), the cycle of Cunina 
pmasitica Metschnikoff is essentially the sanae. 
Gerymia prohoscUalis is parasitized in place of 
TurritopsiSf while the parasitic budding larva gives 
rise to true medusa buds upon its sides. Each such 
bud is a sirhple evagination of ectoderm and endo- 
derm. The mouth breaks through and then eight 
bdl lappets and eight tentacles are formed simul¬ 
taneously, Jelly is secreted by the endodenh, and 
eight radial stomach pouches are formed by local 
:%ttemfigs'of''polyp-shaped'''buds.v.'^' 


Another narcomedusan larva, probably that of 
Cunina latimitris Gegenbaur has been reported by 
Damas (1936) to be parasitic in the cavity of para- 
podia of the pelagic polychaete Tomopteris nisser% 
where it buds and increases enormously in number, 
until the host becomes castrated. Increase in num¬ 
ber is first accomplished by a kind of polyembry- 
onic fission of the morula (Fig. 6, M, N). Later, 
budding takes place at the aboral end of the ac¬ 
tinula, and continues even after the medusoid con¬ 
dition has been reached (Fig. 6, R, S). 

The cycle of Cunociantha fowleri Browne is not 
fully known, but Browne and Fowler (1906) de¬ 
scribed medusa buds, not parasites, developing 
from the eight stomach pouches. Both the ecto¬ 
derm and endoderm of each pouch contribute, and 
the buds project into the bell cavity- The mouth 
tube is formed before the tentacles and bell lappets. 
These buds were seen only in young nonsexual 
forms (Fig. 6, G). 

The remaining narcomedusan whose cycle is 
known at least in part is the peculiar form Foly-^ 
podium hydriforme (Fig. 3, 0-R). It has been 
described at length by Lipin (1911). The budding 
stolon occurs as an internal parasite within the 
eggs of the sturgeon. Sturgeons on the spawning 
run in the Volga, opened before the eggs have been 
laid, usually are found with some eggs infected. 
Moreover, the condition of the hydroid indicates a 
considerable preceding history. Nothing whatever 
is known of the way in which the eggs become in¬ 
fected, nor is the sexually mature form of Poly¬ 
podium known. 

Within the sturgeon^s egg the hydroid stolon is 
coiled spirally and is everted so that the endo- 
dermis is external and in contact with the sur¬ 
rounding yolk of the egg, while the epidermis faces 
inwards on to a closed cavity. Buds evolve as a 
series of bulges from the stolon outward into the 
yolk (Fig, 3, P). Tentacles grow inward from the 
epidermis into the central lumen, and each bud 
develops twelve tentades. At the time of spawning 
of the sturgeon, the basal part of the stolon splits 
along its length, the whole becomes everted, in- 
duding the attached polyps, so that epidermis and 
endodermis acquire their proper status (Fig. 3^ Q). 
In the eversion process, each bud mechanicaly 
indudes a mass of yolk in its basal region, and 
when the bud is set free from the &gg and the stolon 
as a whole, it is consequently supplied with stur¬ 
geon yolk for continued growth. No mouth is 
formed, at least at this time. The liberated polyp 
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Fig. 6. Beveloi'Ment of the Narcomedttsae: Cttnoctaktha 

C. ocimm4a. A, actinulae, attached to the manuhdal lips of TurrUopsis ntdriada; B, budding of actinula; 
C, D, developmaat of actinula into medusoid stage; E, F, stolon larva giving rise to numerous actmulae, and 
development of medusoid bell margin in actinula. (A-D,after Brooks; E, F, after Bigelow.) 

CumOanthafmhrL G, medusa, showing medusae beang budded from wall of gastric pouches. (After Browne.) 

C, mtmmm'Y&T. hMthm, H, a stolon larva, probably of this form, budding medusae from its surface; I-L, 
stages in development of the medusa buds. (H-i, after Mayer.) 

Cwdm ifMs'mim. M'^R, budding and development witmn a parapodium of Tomopieris; M, N, proliferation of 
initial budding ma^; O, P, Q, growth of actinula from individual bud; R, budding of actinuk and onset of medusoid 
structure; S, budding of mfiusae from medusa. (M-S, after Damas.) 

(Fig, 3, 0) walks armnd pn the river bottom by ways. Tentacles increase in number to 24, while 
means! of, its tentacles' |of /wMih. .there, are two -the polyp divide medianly to give rise to two In- 
kinds). Growth continues and is express^ in two dividuals, each with 12 tentacles. The process cou- 
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tinues until polyps with 12 tentacles are found 
dividing into two polyps each with 6 tentacles. 
These reconstitute polyps with 12 tentacles, and in 
fact several months after the sturgeon eggs are 
laid, free Polypodium polyps are to be found with 
12 or 24 tentacles, and none with 6. It appears to 
be primarily a question whether or not a polyp 
first divides in a physical or organizational sense. 

What is known of Polypodium is fantastic 
enough; what is left to be discovered cannot be less. 
Lipin (1926) has described free polyps with imma¬ 
ture gonads (Fig. 3, R). These gonads are in them¬ 
selves peculiar, being closed sacs with contained 
ovaries connected with the external base of the sac 
by an oviduct. The location of these sacs within the 
body of the Polypodium suggests that this is itself 
a modified medusa, and there may or may not be a 
better developed medusa included in the life cycle, 
Lipin attempted, not very convincingly, to show 
that Polypodium is a reduced type of the Coronatae 
among the Scyphomedusae. 

n. ANTHOMEDXJSAE AND LEPTOMEDUSAE 

Among the Anthomedusae taken as a whole, 
though excluding the hydroid phases, medusa buds 
are produced at three sites, from tentacle bulbs, 
from the wail of the manubrium, and from the wall 
of the radial canals. Manubrial budding occurs in 
Slahheria, Sarsia, and Eucodonium among the Co- 
donidae, and in Podocoryne^ Rathkea^ Bougainvillia, 
and Cytaeis among the Oceanidae. The production 
of medusa buds from the central regions of the 
radial canals may possibly be homologized with 
manubrial budding. Leaving this type aside, how¬ 
ever, the conclusion seems inescapable that bud¬ 
ding has been acquired on several occasions by this 
group of medusae. 

In all cases, the production of buds is associated 
with a region of relatively high growth rate, that is, 
with a relatively elongating manubrium, as in 
Sarsia and Slabberia^ or with regions of local 
growth, as in the case of tentade bulbs, or with 
regions associated with the later production of 
gonads, as in the manubrial budding of the Ocea¬ 
nidae and from the radial canals in Proboscidactyla. 
In young juvenile forms, with a relatively high rate 
of growth in general, the presumptive gonadal tis¬ 
sues proliferate cell masses which develop into me¬ 
dusae asexually. As the general growth rate slows 
down, bud formation ceases and the gonads differ¬ 
entiate. The two processes may overlap somewhat 
in time, as mEybocodon. Germ cells and bud rudi¬ 
ments do not always form from the same layer of 


tissue, but when they do, as in Rathkea, it is evi¬ 
dently a case of divergent differentiation from an 
essentially indifferent totipotent tissue. 

The sequence of bud formation, often called the 
law of Chun, is primarily a matter of space becom¬ 
ing available for the initiation of buds in a progres¬ 
sive manner. A bud rudiment needs a certain mini¬ 
mum area available for its initial establishment. 
As such areas emerge in a budding region as a re¬ 
sult of a general tissue growth, bud rudiments be¬ 
come successively initiated. In very small forms, 
such as Podocoryne, a girdle of three or four medu¬ 
sae develop around the manubrium, appearing suc¬ 
cessively in time (Fig. 8, A, B). In the larger 
medusae of Bougainvillia^ between twenty and 
thirty may be developing at the same time (Fig. S, 
E), although each medusa bud of a certain stage is 
approximately the same size as similar stages in 
Podocoryne. In the much larger medusa of Cytaeis 
(Fig. 8,1), the individual medusa bud, for a given 
stage, is no larger, but over a hundred buds may be 
developing at one time from the extensive manu¬ 
brial surface. The tendency for buds to develop 
along a helical line on the manubrium is mainly 
due to progressive distal growth of the manubrium 
and the successive manner in which available areas 
for bud initiation become delimited around the 
manubrial circumference. 

The type of budding exhibited by Niobia (Fig. 9) 
involves phenomena of a more subtle nature. 
While in this case budding is essentially a tentacle 
bulb activity, it is mainly a growth of the whole 
bulb and its progressive development of an inde¬ 
pendent medusoid organization, as its progres¬ 
sively increasing size permits. This developmental 
or reconstitutional reaction to local growth comes 
within the category of C. M. Child’s ^^physiological 
isolation,” but it does not enlighten that enig¬ 
matical phrase. 

It is also significant that budding in these antho- 
medusan medusae is primarily an activity of juve¬ 
nile forms still in relatively rapid growth, and that 
in Niobia as in others, sexual maturity succeeds the 
budding and growth phase. It is also of particular 
interest that when budding does extend through 
into the sexually mature phase, as m. Myb&coimf 
the buds exhibit a sexual maturity comparable 
with that of the parent form, suggesting a po^ble 
correlation of gonad differentiation with a specific 
growth rate in the double parent-hud organism 
(Fig.7,0). 

In two of the largest families of the Lepto- 
medusae, namely, the Plumulariidae Settfi- 
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iariidae, free medusae no longer exist, and the 
gonophores are reduced to sessile sporosacs. Free 
medusae are produced within the Campanulinidae 
and the Campanulariidae, although in both of these 
families reduction of the gonophores to sporosacs 
has also occurred in a number of cases. Within this 
order, the production of medusa buds by the free 
medusae is accordingly relatively rare, but the few 
known cases are of considerable interest, especially 
when we compare the production of medusae by 
medusae with the production of similar medusae 
by the respective hydroids. 

In the Campanulinidae, medusae develop from 
the hydroid as terminal developments from inde¬ 
pendent outgrowths, for example, in Campmtdim 
(Fig. 10, F), much as in the Anthomedusae. Me¬ 
dusa buds formed by a free medusa, as in Euchilota 
(Fig. 10, G), develop as direct outgrowths in a 
comparable manner. In this case they form from 
the outer wall of the radial canals, somewhat as in 
the anthomedusan Proboscidadyla, coinciding in 
position, though not in time, with the gonadal re¬ 
gion. Gonads differentiate after budding has 
ceased. 

Among the Campanulariidae the case of Fhm- 
lidium mccradyi is outstanding. Medusa buds are 
produced in large numbers by the free medusa, as 
well as by the fixed hydroid. The significant fact is 
that, whether hydroid or medusa, medusa buds 
are formed in only one way, as outgrowths of the 
blastostyle of a gonangium. This is the method 
which is universal within the family, by which the 
hydroids produce medusae. In the only free me¬ 
dusa known to produce medusa buds, the pro¬ 
cedure is identical. It is also notable that the 
gonangia formed by the medusa are produced at 
the site of the gonads, but at an earlier phase pre¬ 
ceding sexual differentiation. 

The third case, GasMhstaj probably also a 
campanularian, raises the same general problem as 
Mwbia^ why an organism which continues to grow 
more along one axis than another should reconsti¬ 
tute ^itself Into two similar organisms. 


Anihamedusae 

The ilnthomedusae (-Gymnoblastea) are re¬ 
viewed here primarily as medusae capable of bud¬ 
ding off other medusae asexually. The diversity of 
reproductive behavior among the hydroid phase 
of the various forms is too great to be encompassed 
in the present account, and merits separate dis¬ 
cussion. Medusa budding is described below under 
the heading of major families, in order to em¬ 
phasize the polyphyletic nature of the process. Of 
those included, the genera Sarsia QSyncoryne)^ 
Hybocodon, Eucodonium^ Slabberia, Margelopsis, 
and Felagohydra all belong to the family Codo- 
nidae. Podocoryne^ Cytmis, Bougainvillia, Rathkea 
QLizzia), Froboscidactylaj and Niobia belong to the 
Oceanidae. Ctadonema and Eleutheria are members 
of the Cladonemidae. 

Codonidae 

The genus Sarsin is one of the more interesting, 
for among its species it includes a number which 
do not produce buds at all, one that produces me¬ 
dusa buds in series from the base of each of its four 
tentacles {Sarsia prolifer a, Fig. 7, A), and one that 
produces medusa buds along the length of an 
elongating manubrium (Sarsia gemmifera^ Fig. 7, 
B, C). Thus one species of Sarsia produces manu- 
brial buds in a manner strictly comparable with 
Slabberia caiemta (Fig. 7, E, F), and another with 
the type of budding from the base of the tentacle 
characteristic of Hybocodon prolifer (Fig. 7, I). 
Emodoniufn, on the other hand, develops medusa 
buds from a manubrium in a way more like that 
of the Oceanidae (Fig. 7, H). 

Both Sarsia gemmifera Forbes and Slabberia 
caimata Forbes and Goodsir have been investigated 
by Chun (1896), and in spite of the adult medusae 
being assigned to separate genera they exhibit a 
remarkable similarity in the manner of budding. 
Inasmuch as the hydroid of Slabberia catenaia is, 
like those of Sarsia, a Syncorym, the relationship 
may actually be a very dose one. A hydroid of 
Symoryne eximia (Fig. 7, D) is given as an iilus- 


(Fig. 7— C<n4inm^ 

5.'G,'non-buddmg individual with/nmnubrial''gonad. (After Mayer.) 

'Mrnodonmm hmmd, H, manubrial' medusa buds. (After Mayer.)^ ^ 

M^coim pdif&r. I, medusa buds developing from single, divided tentacle base and from tentacle base of 
advMced Imd. (Mter ^yer.) 0, Sexually mature medusa producing mature bud. (After Hartiaub.) F, assymmet- 
.rical growth ;»d budc^g of tentacle bulb. (After Brooks.) ' 

, , Mmgdopm^ hmMU. J, £1,, actinulae growing from manubrium, and free, pelagic, actinula of same with medusa^ 
bnda,,l3etwediTen't«3de'rin^. (After Hart&ub.) ' , ■ ■ ■ 

L, hydroid budding off a free hydranth; a free pekgic hydranth with young medusa blid. 
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Fig. 7. jBttDDiNO in the Anthomebusae, Family Codootdae 


''Sarsia pr&Ufera, A, medusa buds forming from base of tentacles. (After Mayer.) 

Sarsia g&tnmifera. C, young medusa with medusa buds developing from an extending manubiSum. (After 
Chun.) ■ 

Sarsia' (=s Sp$€Gry»e) B, hydroid, with medusae forming betweaa the tentacles. (After Ahman*) 

'Sh^bma caimMa- E, long manubrium bearing medu^ buds; F, advanced medusa bud of same bearing younger 
budon stalk and series of budsonits own'manuorium/(After, (V. 

I";'' :v, ' 
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tratioDj even though the species as a medusa is a 
non-budding form. 

Hybocodon prolifer L. Agassiz is a form remark¬ 
able in many ways. It was beautifully illustrated 
and described as a dynamic organism by Louis 
Agassiz (1862). The medusa differs from Sarsia in 
having three out of four tentacles abortive, and the 
fourth a well developed cluster (Fig. 7,1). Medusa 
buds form from the sides of the tentacle bulbs of 
the cluster. These buds in turn develop a large 
tentacle even before being set free, and from the 
base of this, medusa buds of the next generation 
may be discernible before the parent medusa is 
liberated. It is interesting to compare the process 
of medusa-budding as described by Agassiz for the 
youngest medusae (Fig. 7, P), still attached to the 
parental hydranth, with the condition illustrated 
by Mayer (1910) for the free miniature medusa 
(Fig. 7, I), and that by Hartlaub (1933) for me¬ 
dusae ahead}" showing evidence of approaching 
sexual maturity (Fig. 7, 0). Perkins had earlier re¬ 
ported simultaneous sexual and asexual reproduc¬ 
tion, medusae still developing from the tentacle 
bulbs while actinulae, derived from eggs, grew at¬ 
tached to the side of the manubrium. 

According to the description of medusa-bud 
formation given by Agassiz for those attached to 
the hydroid, the primary outgrowth, consisting of 
both endoderm and ectoderm, grows at an unequal 
rate in its two transverse planes, and at a very 
early stage in development the body waU at the 
side of one of the four radial tubes grows out until 
the diameter of the bud as a whole is about twice 
as great in one axis as the other. A second lateral 
outgrowth, and then a third and a fourth, appear 
successively in the same plane and direction long 
before the liberation of the primary medusae, so 
that many generations may be seen in formation at 
the same time (Fig. 7, P). 

In the free-swimming but sexually immature 
medusae, the differential is much reduced and 
usually but two or three bud generations at the 
most are found coexisting. Finally, as sexual ma¬ 
turity is reached, asexual budding may cease, or at 
least is reduced in rate, so, that usuaEy a single 
relatively large medusa bud is found developing 
from' the tentacle base. In such cases,, even the bud 
itself may show .evidence of sexual maturity, and 
it seems likely that the last hud to be liberated 
may pass directly into a condition of sexual ma¬ 
turity without exhibiting, either a^prelimiiiary or 
coexisting phase of asexual reproduction. While 
■ the exact 'Size oiffybocidm egg,s has not been re¬ 


corded, Uchida (1927) described them as being 
very large, only two or three developing at one 
time. These large eggs give rise to actinulae, and 
the relationship to Tubularm is again emphasized. 

In Margelopsis haecheli the eggs are also few 
and large, and actinula larvae develop attached 
to the manubrium (Fig. 7, J). These are finally set 
free, and have two rings of tentacles. In this con¬ 
dition they are typically pelagic. Medusa buds 
develop as a ring in the zone between the tentacles 
(Fig. 7, K) and are eventually liberated (Hartlaub, 
1933). The actinula larvae in these forms and tu- 
bularians are essentially hydranth heads, and the 
budding of medusae in this case is typical of the 
budding from sessile hydranths, only the stalk is 
not developed. 

In Coryne iubulosa, according to Rees (1941), 
the sessile colony may be a creeping form, the 
stems of which bear single hydranths, many of 
which were found to be producing medusa buds. 
At the same time some of the hydranths produced 
buds that grew to form hydranth rather than me- 
dusoid organization (Fig. 7, L). These buds were 
liberated as free hydranths like those of Margelop¬ 
sis j and were capable of producing medusa buds in 
turn (Fig. 7, M). 

Climacodmi ikarii appears to be also similar to 
Margelopsis, and produces stemless hydroids that 
are adapted for pelagic life and develop medusa 
buds (Uchida, 1927). The peculiar form Felago- 
hydra mirabilis, with tentacles and medusa buds 
arising irregularly from the surface of the pelagic 
hydranth, belongs to the same group (Bendy, 
1913). 

Oceanidae 

Many of the medusae of the Oceanidae likewise 
produce medusa buds asexuaily. The majority 
develop buds from the sides of the manubrium. 
This is the case for Fodocorym fulgurans, in which, 
according to Mayer (1910), they appear in series 
in a close helix. Fodocoryne minuta also produces 
manubrial buds, and Mayer states them to be 
purely of ectodermal origin. Manubrial buds are 
also characteristic of Bougainnllia frondosa, Bm- 
gainmllia niobe, Cytaeis atlantica, and Raikhea 
octopunctata (Fig. S, A-I). The helical arrangement 
of the budding series is again evident in Ratkkea 
and was emphasized for this form by Chun (1896). 
He also demonstrated that both the ectoderm and 
endoderm of the buds are of manubrial ectodermal 
origin. It may be seen from Fig. 8, D, E, and I, 
that the number of buds developing at the same 
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time from the manubrium of the three forms illus- manubrium; the larger the budding area, the more 
trated varies greatly. If, however, the three figures numerous the buds. All of the forms recorded as 



Fig. 8. Budding in the Anthomedusae, Family Oceanidae 


Budding of medusae from the manubrium or the radial canals. 

Podocorym fulgans. A, young medusa; B, enlarged view of manubrium. (After Mayer.) 

Podocorym corma. C, hydroid. (After Hincks.) 

Bougainvillia frondosa and B. niohe. D, E, with manubrial buds; F, section through manubrium of B. nmhe 
to show ectodermal origin of the buds. (After Mayer.) 

Pathhea octopnnctata. G, medusa; H, manubrium showing spiral sequence of buds. (G, after Mayer; H, Chun.) 
Cytaeis athntica, I, with very numerous manubrial buds, (After Haeckel) 

^ Prohosciiactyla ornata var. gemmifera, J, K, multiple medusa buds arising at junction of the 4 radial canals 
with the stomach wall. (After Mayer.) 

were shown at the same scale, it would be seen that producing medusa buds asexually are compara- 
the young buds were of much the same size and lively small and miniature, and the attainment of 
that the variable is in the size of the budding sexual maturity occurs some time after the cessa- 
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tion of budding. The gonads also develop from the sexually mature forni may possibly be produced 
manubrium. without passing through a juvenile budding phase. 

Froloscidaciyla ornata var, gemmifera, on the In any case, the gonads develop at the site of the 
other hand, produces medusa buds from four sto- budding stolons. Pfohoscidactyla ornata var. sto- 
Ions situated near the junction of the four radial lonijera is similar but has eight budding stolons at 



Fig. 9. Buduing in the Anthomedusae 

Niohia dmifolmiaadaia. A, medusa with tentacle bases transforming into medusae; B, newly-liherated medusa 
bud; C, diagram showing order of development and liberation. (After Mayer.) 

Cladmma rodwMm. D, B, F, three stages in process of division of manubrium and bell. (After Pasteels.) 
Clmaidla proUf&a (« Mmdhma dichotomd), O, hydroid budding medusae; H, mature medusa in aeeping 
portion, with 'Oggs m dorsal brood sac, and medusa bud forming from side of bell (G, after Hincks; H,, after, Hart- 
kub.) ‘ 

canals with the stomach (Fig. 8, J), and the me- the second and third forkings of the radial canals, 
du^e develop suspended within the subumbrella instead of four (Bigelow, 1909). 

{Fig. 8, K),. According' to Mayer (1910), these Oneof themost fantastic forms of asexual lepro- 
,forms axe "typical of medusae from South Carolina duction among medusae is that of Nipbm dmim- 
^thwaxd», moler; waters' to the morth, the tefdacuhta^ as described by Mayer (1901, T9iQ),* 
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There are twelve tentacles, of varying age, and bi¬ 
laterally symmetrical in arrangement (Fig. 9, A). 
Each tentacle bulb develops progressively into a 
medusa, the original tentacle becoming the oldest 
or primary tentacle of the new medusa. Each ten¬ 
tacle bulb develops in order of its age, at first one 
and then in pairs until all twelve original tentacle 
bulbs have been liberated as free medusae of the 
type shown in Fig. 9, B. When this has been ac¬ 
complished, the residual medusa no longer repro¬ 
duces asexually but progresses directly to sexual 
maturity. The gonads mature and the large eggs 
develop from the interradial surfaces of the surface, 
from which they are finally^ set free. 

The first stage in the transformation of a ten¬ 
tacle bulb into a medusa is the appearance of a 
hollow outgrowth upon the floor of the subum- 
brelia close to the tentacle bulb. This outgrowth 
consists of both ectoderm and endoderm. It shortly 
develops two pointed outgrowths on the sides of 
the tentacle bulb and these become new tentacles. 
As they grow, a younger pair appears farther out, 
and these are followed by another (Fig. 9, A), 
Even before the young medusa breaks free of its 
parent, the base of its oldest tentacle has started to 
repeat the process. The sequence of the appearance 
of the marginal medusae is shown in Fig. 9, C. 

Cladonemidae 

Two remaining medusae among those that com¬ 
monly reproduce asexually belong to the Clado¬ 
nemidae. The medusa of Cladonefm radiatum is 
known to divide completely into two (Pasteels, 
1939). The division commences in the manubrium, 
passing from the mouth towards its base. When 
the manubrium is thus duplicated, the bell as a 
whole gradually elongates and constricts, until 
Just before final separation, two medusae are at¬ 
tached together by the apex of their exumbrellar 
surface, like Siamese twins (Fig. 9, D-F). 

Eleutlierm dichotoma Quatrefages is a peculiar 
medusa produced by the hydroid Clamtelh pro- 
lifera Hincks (Fig. 9, G, H). According to Hartlaub 
(1907), the eggs develop in an ectodermal brood 
pouch connected with the bell cavity by six inter¬ 
radial openings. Medusa buds develop upon the 
exumhrellar side of the ring canal, usually occur¬ 
ring at the same time as sexual reproduction. 

Leptomedusae 

In many ways the Leptomedusae are the most 
specialized of the four groups, particularly in the 


case of the hydroid phase. There is a general ten¬ 
dency for the medusa stage to be either limited in 
its elaboration or even to be reduced or omitted 
from the life cycle. As in the Anthomedusae, there 
are no known cases where a medusa develops di¬ 
rectly from the egg. Eggs invariably develop mto 
planulae, and the endoderm of the planula is 
formed either by unipolar ingression or by a multi¬ 
ple ingression or infiltration of ceils from the outer 
layer. Apparently neither invagination nor de¬ 
lamination occur. Many studies have been made 
of the development and growth of the hydroid 
phases of the Leptomedusae s. Calyptoblastea, 
and cannot readily be reviewed here. Brooks^ 
(1886) account of Euthna mira McCrady does 
however illustrate several points of interest. Cleav¬ 
age results in this case in the formation of a hollow 
blastula, after which cells apparently slide inwards 
at numerous places and eventually form an inner 
endodermal lining enclosing a gastric cavity (Fig. 
10, A, B, C). Mayer^s statement (1910, p. 298) that 
the endoderm forms by delamination from the 
inner ends of the blastula cells is a conclusion not 
to be found in Brooks’ original account. In any 
case, the planula so formed develops a purely ecto¬ 
dermal invagination at its narrow end, a feature 
also found in the planula of the anthomedusan 
Turritopsis mdricula (cf. Brooks, 1886). This ecto¬ 
dermal invagination disappears after attachment 
of the planula; and finally attachment of the stolon 
produced by the planula is by means of the general 
adhesive property of freshly secreted chitin (Fig. 
10, D, E). The invagination recalls rather forcibly 
the adhesive attachment disc of the young scyphis- 
tomae of Haliclystus and related forms. The other 
feature noted by Brooks is the fact that the planula 
of Eutima increases in size considerably, in fact, 
even while it is a still single-layered blastula, and 
he was convinced that it possesses some method of 
nourishing itself. 

The calyptoblast hydroids that produce free 
medusae may be roughly divided into campanu- 
linids and campamilariids, the former producing 
medusa buds singly from erect or creeping stolons 
(e.g., Campantdim: acumimta^ Fig. 10, F), the 
latter from the lateral wall ^of specialized'blasto- 
styles, as in Ohelia, Only in one known case, how¬ 
ever, are medusae described which bud new, medu¬ 
sae directly from the old. This h' Emhdhta^ 
paradopdca Mayer' (Fig. 10, G, 'BO.TU'the young' 
' medusae the gonadial regions are situated,'dose to 
the manubrium, but, with further growth they'ex- 
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Fig. 10. Development and Budding in the Lepxomedusae 


Evtima mriaUlis. A~E, development of the egg. A, blastula; B, infiltration of endoderm; C, D, young planulae 
with proximal ectodermal sucker; E, later pknula with adhesive chitin replacing sucker region. (After Brooks.) 

Cmfipawdina muminaia, F, hydroid and medusa bud. (After Hincks.) 

Emhdhla paradcsdca. G, H, medusa buds forming from radial canal site, and section of a budding unit and 
gonad^site. (After Mayer.)' 

FhMidium mccradyi. I, bell margin and radial canab showing development of medusa buds from blastostyies 
in gonan^a; J, side view of young gonad and a blastostyle; K, hydroid and upper region of a gonangium attached 
to alga. (I, Kj after Brooks; after Mayer.) 

GastfoUmta ovdis. B, Mj ventral and side view, showing multiple manubria and elongation of medusa prior 
to transverse division. (After Mayer.) 
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tend along the radial canals. Medusa buds arise 
from the site of the gonads before gonadal histo¬ 
genesis commences, and the medusae develop sus¬ 
pended within the cavity of the subumbrella. 
According to Mayer (1910, p. 255), both endoderm 
and ectoderm are involved in the outgrowths, and 
a succession of medusae arise from a single initial 
proliferation (Fig. 10, H). 

Phialidium mccradyi (Brooks) (Fig. 10, I-K) is 
clearly a campanularian and the only one known 
in which the medusa buds medusae. It has been 
studied by Brooks (1887), Sigerfoos (1893), and 
Mayer (1910). Gonads may develop directly on 
the radial canals, or, more usually, outgrowths may 
form from the presumptive gonadal tissue. Accord¬ 
ing to Sigerfoos, the single layer of small ecto¬ 
dermal cells thickens and become multhayered. 
The outer ectodermal layer becomes separated 
from the rest by a supporting lamella. The endo- 
dermal layer then evaginates into the thick middle 
layer of ectodermal origin, and at the same time 
loses its connection with the endodermai lining of 
the presumptive gonad. Thus cylindrical tubes of 
endoderm come to lie within the mass of ectoderm, 
and the blastostyles so formed can receive no food 
directly from the medusa stomach and the canal 
system. In effect they are tissue parasites. Typical 
blastostyles and gonangia are formed, complete 
with gonothecae, and the medusa buds are formed 
from the lateral wall of the blastostyle. Brooks also 
described the hydroid (Fig. 10, K), which appears 
to be a typical species of Clytia, and forms gonangia 
also characteristic of this genus. It is notable that 
medusae apparently can be produced by one 
method only, via the campanularian blastostyle, 
although the blastostyle itself may be produced 
either from a creeping hydroid stolon or from the 
gonadal site on the radial canals of the medusa. 

The remaining leptomedusan to be considered 
here is the peculiar Gastrohlasta raffaeli Lang (Fig. 
10, L-N). Its hydroid phase is unknown. The 
medusa is characterized by having more than one 
stomach, a consequence apparently of growth oc¬ 
curring relatively more along one transverse axis 
than the other. This medusa reproduces itself by 
fission, a process described in considerable detail 
by Lang (1886). The bell margin grows inwards, 
the plane of division being at right angles to the 
long axis of the ellipse, and passes between the 
oldest and the next oldest manubrium. When about 
to divide, the oldest lithocyst divides into two and 
the marginal cleft passes between the products, 


until the medusa is cut completely into two halves 
(Fig. 10, N). Each part then develops new canals, 
manubria, and tentacles, until the original form 
is restored and the cycle renewed. A related form is 
illustrated by Mayer, Gastrohlasta ovalis (Fig. 10, 
L, M), in which one canal passes the length of the 
ellipse and bears six or more manubria at one time. 
Reproduction by fission is probable, but is not cer¬ 
tainly known. 

GENERAL DISCUSSION 

In general, the eggs of the Hydromedusae ex¬ 
hibit the same variability in size as those of the 
Scyphomedusae. Both groups contain species with 
large eggs that develop directly into medusae, both 
have forms with eggs of moderate size that de¬ 
velop into sessile hydroids, and in both cases there 
are some with minute eggs that grow and produce 
buds in rapid succession before any kind of func¬ 
tional organization becomes apparent. 

Cleavage of the eggs in both groups is regular 
and without obvious pattern, but in EaUdysius^ 
Lucer'naria^ and Chrysaora among the Scypho¬ 
medusae, and in Eutwta and Turritopsis among 
the Hydromedusae, the blastula and early planula 
stages undergo very considerable growth, far be¬ 
yond the potentiality of internal reserves, Wie- 
trzykowski (1912), Teissier (1929), and Brooks 
(1886), respectively, insist on the existence of some 
means of external nourishment. There is little or 
no evidence that it is obtained by the blastomeres 
in a particulate form. It is possible, even probable, 
that the nutrient material necessary for this growth 
consists of the organic solutes usually present in 
some degree in seawater (Keys, Christensen, and 
Kjogh, 1935), especially in coastal waters. The 
development in the Narcomedusae of medusae 
from minute eggs or buds within the gastric cavi¬ 
ties of the parent or of some other medusa shows 
that the capacity to exploit such resources is un¬ 
doubtedly present. 

Excluding the vagaries of the life-cydes, there 
appear to be three principal ways in which a me¬ 
dusa may be formed. Medusae may develop in a 
rather simple and direct manner, as in the scypho- 
medusan Pelagia and occasionally in Aurelia^ and 
in the trachymedusan Liriope and Geryonia. There 
are differences between the two groups, but tlie 
outstanding feature of the development is the 
growth and expansion of the embryo in the equa¬ 
torial plane. An equally definite though very differ¬ 
ent procedure, namely, through, the formation of 
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an entocodoHj occurs in the development of medusa 
buds in the Anthomedusae and Leptomedusae as a 
whole, and in Gonionemus^ Cmspedacusta, and 
Limmcnida among the Trach>TQedusae. In ah of 
these the egg develops into a planula, and becomes 
a hydroid which produces medusa buds directly or 
indirectly. The development of a planula, in con¬ 
trast to the direct development of a medusa from 
the egg, is associated with a marked polar organiza¬ 
tion and growth of the cleaving egg. The third 
method whereby medusae are produced involves 
the formation of an actinula. This stage consists of 
an elongated body with a ring of tentacles at the 
oral end. In most cases ’where it has been described 
or discussed, the reference has been to larvae free 
in the water, but the morphological stage is recog¬ 
nizable in some of the parasitic stolon larvae of 
certain Narcomedusae, and in the young scyphis- 
toma of the Scyphomedusae. 

The question arises what the actinula really does 
constitute, and the answer depends a great deal 
upon the contest, for it can be interpreted in terms 
of procedures of development or in terms of phylo¬ 
genetic relationships. Various opinions have been 
expressed concerning the evolutionary origins of 
medusae with the actinula and hydroid phases in 
mind, Bohm (1874) suggested tliat medusae 
evolved in the first place from floating forms of 
some kind. Claus (1882) also considered the me¬ 
dusae to be primary, and the hydroid a medusa 
larva. Mayer (1910) considered the anthomedusan, 
narcomedusan, and scy’phomedusan types, at least, 
to have evolved independently. This view has some 
plausibility, but it has been carried to naive ex¬ 
tremes by Fraser (1946) who regarded all sporosacs 
and abortive or sessile medusoid forms among the 
Anthomedusae and Leptomedusae to be medusae 
in process of independent, possibly arrested, evo¬ 
lution into free medusae. This is essentially a re¬ 
turn to an older concept, the implications of which 
have apparently at no time been fully considered, 
namely, that the hydroid is the primitive form 
and that the'medusa has originated as a gradual 
specialization of the reproductive members of a 
^ polymorphic hydroid stock, In recent times Uchida 
' (1927) also' has expressed this point of view. ^ 

Brooks'(1886) adopted a compromise interpreta- 
' tioE after an'intensive study of the actinula krvae 
of the Narcomedusae, His hypothesis, strongly in- 
; ^ fluenced by the theory of recapitulation dominant 
at/the time, was that', the actinula represents, a 


primitive type of coelenterate from which the 
medusae have continued to evolve as free-swim¬ 
ming sexually mature organisms, and from which 
on the other hand the sessile hydroid organisms 
have arisen with subsequent elaboration of the 
processes of asexual reproduction. This viewpoint 
has its attractions, and it may be that the develop¬ 
ment of an actinula does represent the conserva¬ 
tive, old-fashioned type of development of me¬ 
dusae. Even in such a case, however, it does not 
follow that the actinula was ever an adult form. 
A surer approach is to regard the actinula as the 
expression of a certain developmental situation. 
Possibly the development of Aurelia gives the 
key to the problem. According to Haeckel (1880) 
the smaller eggs of Amelia developed into planula 
larvae which attached and became scyphistomae, 
giving rise to young medusae by strobilation. The 
largest eggs developed, like those of similar size of 
Pelagia, into medusae directly. Eggs not quite so 
large became elongated larvae, as though becoming 
typical pianulae, but continued to form tentacles 
and a mouth at one end while still in the free- 
swimming stage—in other words, became a typical 
actinulae. Subsequent development evolved the 
medusa organization by direct transformation, 
without involving a sessile phase. Accordingly, an 
actinula is formed as a stage in the development of 
a medusa egg when the size and polarity of the 
larva are of a certain rather critical value. 

In all orders and classes of medusae there is a 
general tendency for the sessile hydroid stage, when 
such exists, to reproduce during its earlier phases of 
growth by means of asexually produced buds. In 
the Trach 3 nnedusae, Narcomedusae, and Scypho¬ 
medusae they are formed laterally from the body 
wall of the polyp and set free. In the Anthomedusae 
and Leptomedusae, the branching basal or erect 
growths are more or less comparable, at least in 
relation to the maintenance and augmentation of 
the medusa community. In any case the phenom¬ 
enon is essentially one associated with the rela¬ 
tively rapid general growth of young stages in the 
life cycles, whether it is the ^fmstules* of Gonio- 
nemuSf Craspedacmta, or' Haliclysius, or the bud¬ 
ding of parasitic actinulae or the asexual “poly- 
embryonal” budding of Narcomedusae, or the 
formation of lateral buds by' scyphistomae of 
Cyanea (Berrill, 1949) or Cassiopea (Bigelow,' 
1900). The formation of outgrowths destined to 
become medusae rather than other structures is 
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associated with growth in a transverse plane and a 
relatively slow polar or terminal growth rate, not 
only in the Trach 3 niiedusae but in hydroids in 
general (Berrill, 1949a). 

Leaving aside the various ways in which medusae 
are produced by hydroids proper, the diversity of 
locations from which they are budded off from 
other medusae definitely indicates a multiple origin 
of this particular activity. Production of medusa 
buds from the surface of the tentacle bulbs, manu¬ 
brium, radial canals, ring canal, and the aboral pole 
of the medusa, cannot be homologized more than 
as an exploitation of a general capacity for recon¬ 
stitution and an ability of some sort to isolate re¬ 
gions from the innate wholeness of the individual. 

When a comparison is made of the actual origin 
or initiation of buds produced by medusae, whether 
they develop into medusae directly or not, it is 
clear that both the unspecialized epidermis and 
endodermis are basically totipotent and capable of 
giving rise either to the whole organism or at least 
a large part of it. A comparison of the origin of 
gonads confirms this conclusion (Liu and BerrOl, 
1948). 

In a general way, growth, budding, and sexual 
maturation appear to be closely related. In all 
orders the production of medusa buds takes place 
in small immature medusae. As the growth rate 
slows and adult size is approached, budding usually 
ceases and sexual differentiation ensues. 

Lastly, relative growth in young medusae may 
result in simple or modified fission, as in Gastro- 
blasta, Cladonemaj Niobia, and Poly podium^ but as 
implied earlier, this is a phenomenon an under¬ 
standing of which would illuminate the nature of 


organism itself and is beyond the scope of the 
present discussion. 

SUMMARY 

1. The Hydromedusae is a heterogeneous group, 
the four orders of which may represent a consider¬ 
able extent of parallel evolution. 

2. Direct development of eggs into medusae 
without passing through sessile hydroid stage oc¬ 
curs only in the orders Trachymedusae and Narco- 
medusae. As in the class Sc>^homedusae, there is a 
correlation between type of development and size 
and degree of polar organization of the egg. 

3. Asexual reproduction, by a process of bud¬ 
ding, may occur at almost any stage of the life 
cycle. It may be a form of polyembryony, a frag¬ 
mentation of the cleaving egg or of a young bud. 
Buds or new medusae may form from an aboral 
stolon of a young medusa, or lateral outgrowths of 
a polyp. They may arise from the outer margin of a 
medusa or from the inner lining of the ring canal. 
They may also arise from tentacle bulbs, from the 
outer surface of radial canals, or from the outer 
wall of the manubrium. They may be formed by 
actual division or partition of the medusa as a 
whole. 

4. The production of buds is associated with 
young and juvenile stages, and with the absence of 
gonads. Sexual maturity and even young gonads 
are in general associated with a cessation of bud¬ 
ding. 

5. Buds that develop into sexually mature me¬ 
dusae can arise from epidermis alone, endodermis 
alone, or from a combination of both kinds of tis¬ 
sues. Each type is accordingly totipotent. 
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AND EDUCATION 

Science Is a Sacred Cow. 

By Anthony Standen. E. F. Dutton &. Co., New York. 
$2.75. 221 pp. 1950. 

“The Long Island Rail Road afforded me plenty of time 
for miting this book. The more the train was delayed, 
the more time I had to write.”—Acknowledgment by 
the Author. 

Here is another in the long list of harangues against 
science. Generally they are written by metaphysicans 
who are given to worrying whether Science Can Save 
Us and If Not, Why Not? Occasionally one by a prac¬ 
ticing scientist (usually with hygienic tendencies) will 
find an agreeable publisher. Of late, when some of the 
latter sound off they are full of self-condemnation and 
rather incoherently develop the theme, Oh, my! What 
have I danef But even such authors develop similar 
general ideas or, if they vary them, it is but slightly. 
The treatise under consideration is not very different. 
In fact, it might be said that other authors of amilar 
essays have possessed greater gifts of literary utterance. 
This volume is principally concerned with the im¬ 
morality of science and scientists, and citizens are 
warned to be very careful or they will have a bunch of 
scientific tyrants running amok arid injecting the im- 
wary with truth serum and then turning them over to 
‘The most alarming scientist... the social scientist.” 
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This low fellow will then complete the nefarious busi¬ 
ness with that “typical instrument of the social scien¬ 
tist ... the straw poll.” 

However, this book is unique in one respect: the 
town of Hauppauge, Long Island (the author^s resi¬ 
dence) and the Long Island Rail Road are brought in. 
A critical examination of the data does not warrant the 
conclusion that the L.I.R.R. is to be blamed for this 
volume, granted it is so terrible and unpredictable a 
railroad that even the Pennsylvania R-R; had to give 
it up. True, it is reported that only the strong of mind 
and stomach ought to hazard riding on it with any 
regularity.- Nevertheless, the responsibility for this 
latest caveat against science and scientists must rest 
elsewhere. Scapegoats are to be avoided even when 
they take the form of such obvious public enemies as 
the L-I.R.R. There also appears little likelihood that 
the bkme is due to the stark reality of Efe in Haup¬ 
pauge, Long Island, for some truly first rate essays 
have come out of even such places as Baltimore, 

“One of the marvelous discoveries of Science is ‘brain 
waves.*' They are detected' by an' electrical 'device' 
strapped over the head. They are vety useful in 
diagnosing epilepsy, and they are intensively studied 
■by scientists, trying to find out what happens inside 
the mind. Up to the present, scientists have not tried 
to regulate these brain waves, or to change them. If 
ever 'they do, we must keep a sharp eye on them. For 
since, as we saw before, science can tell' us nothing 
about what is good or bad, ■ and since scientists have 
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not been trained to think any other way than scien¬ 
tifically, they have nothing but their own half-baked 
ideas to go on in deciding whose brain waves are to be 
changed, and what to change them to'^ (p. 203). 

No one wnth any depth of perception null dispute 
the fact that there are and probably always will be 
quacks and other odd fish w^ho, by their own represen¬ 
tation, pass themselves off as scientists. Such fakers 
and scientific moralists can be seen in and about the 
ranks of science. They are easily recognizable even 
by the majority of college sophomores. Generally they 
are considered nuisances not to be taken seriously. 
When they occupy high places, as occurs all too fre¬ 
quently, they are more painful nuisances, but still only 
nuisances. That Standen has not been able to recog¬ 
nize them and is alarmed by them and their idiotic 
bombast simply means that he has been taken in by 
them. For apparently similar reasons he views with 
equal alarm those professional educationists or boss 
schoolmarms who, when seeking solutions for the 
eternal teaching enigma of trying to make Joe Doaks 
think, sometimes come up with proposals so patho¬ 
logical that even the public is provoked to merriment. 
But, for some very obscure reasons, Standen regards 
such pedagogues as also scientists and their silly ex¬ 
travagances as science. The net result is a confused 
author full of vague fears and still vaguer fevers. 

‘The first purpose of Science is to learn about God and 
admire Him through His Handwork. If any useful¬ 
ness comes in—as it does in large quantities—why so 
much the better” (p. 200). 

Although on occasion Mr. Standen exposes some of 
the nonsense uttered by so-called scientists, it appears 
that some of Ms own notions about science are not al¬ 
together different (even though they may be vaguely 
in a negative vein). Accordingly, science or any in- 
tellectuai effort is duty bound to solve all important 
human problems. Any accumulation of data that 
does not teach us how to live or to distinguish between 
right and wrong or to lend itself to some moral or meta¬ 
physical interpretation is useless—unless of course it has 
some practical use. These ideas are not unfamiliar; 
they have been expounded over and over again by pro¬ 
fessional pMIosophers of a sort. There are, of course, 
many who will take issue with the suggestion 
that science is to compete with theology for customers, 
or that it is a branch of religion, 

‘‘Evidently m biology there is the same tendency to 
utter pompouS' nonsense that characterizes scientists of 
all kinds. ' But does biology have the virtues of science? 
That is more questionable'.. T (p. 93). 

“Psychologist folowihg the biologists, who are them- 
selv® following'the'physicists, feel that at all costs 
they must be .objective. Therefore ,they study man in 
' a detached sort of way, as if they were not'men them¬ 
selves. Mr. Sdney Hook has seriously wondered (in 
Education for' Modem Man) whether man is Intelligent. 

" He'i'ShyS' this is an empirical' question on which con-, 

,, 'Wierable evidence has accumulated. One would think' 
that Mr* Hook,, having .made the .acquaintance of ^me 


men, would know whether they are intelligent or not” 

(pp. 118-119), 

It is distressing to see class distinction rear its ugly 
head throughout this book. May I earnestly suggest 
that all such obviously superior persons as chemists 
working at the Brooklyn Polytechnic Institute bend 
over backward to be tolerant of their colleagues inf the 
other disciplines—even if such colleagues be clinicians 
or psychoanalysts. 

Standen must surely be aware that there are those 
who consider the competence of certain individuals to 
pass on the intelligence of others an empirical question on 
wMch considerable negative evidence has accumulated. 
The book’s dust jacket says, “What makes the book 
even more delightful and rewarding is the author’s sense 
of humor. .. Standen’s style brilliantly reconciles read¬ 
ability with precision of tbought.” Admittedly, there 
are a few humorous bits. However, the neighbor’s 
child can come out with an occasional bright saying or 
tw’o, which does not necessarily make it a Huneker 
or a Mencken. 

Here is an elegant title indeed and much could have 
been vnritten mider it. Science may truly be a sacred 
cow, but what we have in tMs book is a superabundance 
of the male of that species. 

David B. Tyler 



Probeeme dee Naturwissenschaeten. ErliMert am 
BegrijI der Minerdark 

By Paul NiggU, Verlag Birkhduser, Basel, Fr. 

18.50. xii + 240 pp.; ih. 1949. 

In the summer of 1942 Professor Niggli gave lectures in 
Zurich on “the concept of species in mineralogy.” 
They now appear, in expanded form, as Volume 5 of the 
series “Wissenschaft und Kulture.” This book pur¬ 
ports to show that classification, wMch plays an im¬ 
portant role in biology, is also essential in the “exact 
sciences.” The first 50 pages are philosophical; their 
presentation is difiOicuIt to follow. The remainder of 
the work constitutes a treatise on crystallography. 
One wonders for what readers tMs treatment is in¬ 
tended. The author states that it is not for Ms “Fach- 
genossen”; but, although mathematical symbolism 
is largely avoided, it is hard to see how a reader not 
versed in crystallography could appreciate it fully. 
The biologist courageous enough to tackle it may 
occasionally find interesting comparisons between the 
concept of mineral species and that of species in bio¬ 
logical sciences. 

The figures, mostly crystal-structure drawings, are 
excellent. The language, abstruse and ponderous, 
reaches dazzling' heights of hyphenated. pomposity. 
For example, it'appears that there are two scientific 
'methods: one,is the “abstrakt-generalsierende, atek- 
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tonisch-imperative, ursachllch-erklarende Methode”; 
the other is the ^Vergleichend-systematische, tekton- 
isch-normative, urbildlich-erlauternde Methode’k' The 
publisher did a good job of bookmaking. 

J. D. H. & Gabrielle Donnay 



UNESCO: ITS Purpose and its Philosophy. 

By Julian Huxley. Public Affairs Press y W ashingtony 

D. C. $2.00 (doth); $1.50 (paper). 62 pp. 1947. 
The last 2 volumes of the Bulletin of Zoological Nomen¬ 
clature each contain a page on which gratitude is 
expressed to the United Nations Educational, Scien¬ 
tific, and Cultural Organization for financing the 
publication. This was the first intimation I had re¬ 
ceived that this organization was maldng any progress 
at all in its efforts to promote “ail aspects of education, 
sdence, and culture” throughout the world. There 
is ample evidence of the need of just such a work as this, 
written by the director-general of the United Nations 
Educational, Scientific, and Cultural Organization, for 
the purpose of expounding the philosophy of this arm 
of the United Nations. Unfortunately, the treatise 
is not likely to be read by those who are most in need 
of its message. 

At the date of publication, Huxley was not only the 
Director-General of UNESCO but also the executive 
secretary of its Preparatory Commission. A warning 
on the back of the title page of the treatise states that 
neither the organization nor the commission is respon¬ 
sible for the views expressed by their executive. This 
apparent lack of confidence is regrettable; it would 
have been better if the commission had read and ap¬ 
proved the treatise in advance, so as to give the docu¬ 
ment the weight of official sanction. That they failed 
to do so, however, is quite understandable; after all, 
to vest supervision of the educational, scientific, and 
cultural activities of the whole world in an international 
organization is somewhat revolutionary. It has not 
been tried before. If it can be done properly it will 
mean that the inhabitants of the more slowly developing 
areas of the world W'ili participate equally with the 
enlightened populations in the fruits of the intellectual 
activities of their cultural leaders. If done badly, it 
may result in the supervision of our arts and science 
by a superstate. 

No sane person would differ with Huxley's'Statement 
as to what he hopes can be accomplished by UNESCO 
to assist all people to make their contribution to 
civilization and human welfare by making available, 
to all the best they can offer and by improving that 
which is not the best. But many will feel that he has 
been unduly optimistic in believing that these desirable 
ends can be achieved in the foreseeable' future under 
the present set-up. After' all,, the United Nations' 
organization was ’established" under an evil 'sign of the 


intellectual zodiac; a world war had just been fought 
and the conquered nations were too weak to participate 
in setting up an international organization for any 
purpose. Consequently thej^ are likely to continue to 
think of UNESCO as a device of the victors to impose 
their culture on the rest of the ■world. This is my 
personal opinion and the reader should not hold the 
author responsible for it. He has undertaken a dif¬ 
ficult and thankless task, for which he deserves the 
gratitude of all right-thinking people, who should do 
all they can to support and encourage him. 



BIOLOGY: HISTORY AND BIOGRAPHY 

The Lite ot Science. Essays in ilie History of Cmlisa- 
tion. 

By George Barton; foreword by Max H. Fisck 

Henry Schmany New York. $3.00. x -f 197 pp, 

1948. 

This volume was published as the ke>mote in a new 
series. The Life of Science Library, which has already 
expanded to nearly a dozen volumes through the 
worthy enterprise of its publisher. The theme is a 
valuable one, that of the close relationship which exists 
between the development of science and the history 
of civilization—^and no more fitting person could be 
found to introduce the series than George Sarton. 
His scholarship stands above reproach; his lifelong 
efforts to make apparent the value of studying the 
history of science are to no little extent responsible for 
the growing appreciation of it at the present time; but 
most of all, Sarton sets so high an example of the worth 
of good writing in enlarging the appeal of the history of 
science to thinking people. It is a dangerously high 
standard for those who follow him. 

None of the essays included in this volume are new. 
They range in date from 1916 to 1934, and appeared in 
many journals, scholarly and popular. However, they 
have been carefully arranged and edited to provide 
unity and to avoid redundance. There are 3 essays 
grouped under the heading The Spread of Under¬ 
standing. These broach the theme closest to the 
author's heart. As he phrases it: “In short, the purpose 
of the history of science, as I understand it, is to estab¬ 
lish the genesis and the development of scientific facts 
and ideas, taking into account'all intellectual exchanges 
and all influences brought'bto'play by thewery progress' 
of civilization., It'is indeed a history of human civiliza¬ 
tion, considered 'from its highest point of view.' Hie ’ 
center of interest is the evolution of sdence, but gen¬ 
eral history remains always in the background.” 
is humanism, of the highest order, so, seldom ,see'n amoiig 
.scientists. 

' The next,, group of essays''is,, called S^et Eistory, 
because “the ’ essmtia! history'of'mank'ind,'is larg^y' 
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secret*^—the thoughts in the solitude of study or labora¬ 
tory that forever enrich the intellectual and spiritual 
life of man. As examples, Sarton sketches the thought- 
life of Leonardo da Vinci, fivariste Galois, Ernest 
Renan and Herbert Spencer. 

In the essay East and West in the History of Science, 
Sarton throws into relief the internationalism of science, 
not at all restricted to the last two centuries. The 
debt of Western Science to the Arabs, and back of 
them to the Greeks, and in still remoter antiquity to 
the Egyptians and Mesopotamians needs to be better 
heeded by the self-assured scientists of the West today. 
But the fate of Greek science stands as a warning to 
us: ‘What happened to Greece is that the intellectual 
activities of its people were hopelessly out of proportion 
to their political wisdom and their morality.” The 
sterner moral and ethical principles in the stream of 
Hebrew Mstory had to be fused in Christendom with 
the scientific spirit of the Greeks before modern science 
could be born. Is the blend, never too complete, 
breaking down altogether in the 20th century? 

In the two last essays, Sarton writes of Casting 
Bread Upon the Waters, a sacrifice well-known to him. 
How good to look back and see, from the vantage point 
of one^s later years, that it was indeed well done! 

Bentley Gl.\ss 



Science in Liberated Eueoee. 

By J, G. Cfowther. The Pilot Press, London, 18s. 

336 pp.;iU. 1949. 

In 1946, J. G. Crowther visited a number of countries 
which had recently been freed from Nazi occupation. 
As we would expect, the scientists of these countries 
did not have too easy a time. Their laboratories had 
been raided and valuable equipment stolen; many of 
the younger scientists had been conscripted and sent 
to labor camps; scientists of all ages had been coerced, 
some had yielded and collaborated with the enemy, 
others had resisted and been confined in concentration 
camps, while still others had been able to continue their 
work under depressing and harassing circumstances. A 
considerable fraction had joined the underground resist¬ 
ance and had become intimately associated with pa¬ 
triots from other walks of life. 

Science, of course, suffered, but as soon as the Nazis 
were driven out recovery began. Make-shift equip¬ 
ment was constructed, new personnel was assembled 
and, in spite of shortages of all kinds, scientific research 
was resumed.' It is veiy important that we know 
the status of science in the Eberated countries if we 
are to understand the problems facing our European 
colleagues and if, wx are to help them intelEgently. 

Crowther has described post-war' science in four 
countries which, together, give'an adequate'sample of 
'the whole., ' They are France, Denmark, Holland, and 


Czechoslovakia. In each country he visited the leading 
institutions and interviewed the leading scientists. 
He discusses such topics as the present organization 
and support of research; the type of education and the 
living conditions of students; problems now under 
investigation; equipment in use or urgently needed; 
and the morale of scientists and their personal experi¬ 
ences during the occupation. The author's narrative 
is very detailed and precise. It includes not only a 
description of the physical plants, but also records of 
conversations with the liberated scientists and accounts 
of what they had suffered. It gives the impression of 
having been written on the spot, or at least of being 
composed almost immediately afterguards from copious 
notes. The author is obviously a good and accurate 
reporter. 

Over and above the virtues just enumerated, Science 
in Liberated Europe has an additional value which is 
seemingly accidental. It was certainly not intended 
by the author. In brief, it consists of an unconscious 
exposure of the naivetd which has permeated so much 
of the thinking of scientists when they leave their 
fields of special competence. The author, a journalist 
who writes on scientific subjects, really offers himself as 
a truly beautifully prepared specimen put on exhibition 
by a thiee-year time lag. 

Throughout the w'ork the author expresses judgments 
not only on scientific matters, but on political ones as 
well. He has very definite ideas concerning certain 
competing ideologies, the proper relation of scientists 
to society, and such subjects as the support and direc¬ 
tion of scientific research by the state. He expresses 
himself very freely on these and other controversial 
matters. He teUs us just what his own beliefs and 
conclusions are, both directly and by implication. 
Unfortunately, his impressions and judgments, gained 
in 1946, are printed in 1949, and reviewed and evaluated 
in 1950. Recent events have not been kind to many 
of those who committed themselves to simple philoso¬ 
phies or who became true beUevers in one or another 
panacea. We should remember, however, that the 
opinions expressed by Crowther were held by a great 
many good scientists during the period when Russia 
was “our gallant aEy” and when communists and 
non-commimists were comrades in the underground. 

No series of short quotations would give a complete or 
even fair picture of Crowther's poEtical philosophy. 
Those which follow are just examples which impressed 
the reviewer. 

“Quite possibly, in the long run, the experience of the 
French scientists in the resistance wiE prove' of more 
importance for the future of science than the experience 
of the British scientists in their great war-time techni¬ 
cal scientific efforts, 

'“The symboEc expression of the situation is perfectly 
exempEfied with regard to atomic energy—in England, 
:Sir John Anderson became chairman of the Prime 
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Minister’s committee on atomic energy: in France, 
Professor Joliot-Curie occupied the corresponding 
position.” (p. 13). 

The recent somewhat embarrassed French govern¬ 
ment’s explanation of Prof. Joliot-Curie’s public state¬ 
ments on his personal loyalties and atomic research is in 
nice contrast to the author’s implied approval of Prof. 
Joliot-Curie’s appointment. A little later, in April 
1950, Prof. Joliot-Curie was removed from office be¬ 
cause his loyalty to France seemed questionable. In a 
panegyric Crowther adds: 

^^He [Joliot-Curie] joined the French Communist 
Party. As a Communist, he belongs to the appropriate 
cell, where he joins in the discussions of political ques¬ 
tions with working men and women, and others from 
entirely different sections of the population, whom a 
scientist does not usually meet. He finds these discus¬ 
sions most valuable, especially on the relations of 
science to other social affairs, for his political colleagues, 
many of them shrewd workmen, make comments and 
observations wffiich are not likely to occur to scientists 
with their professional, middle-class background.” (p. 
54). 

In describing science in Dutch Universities, the 
author states: 

“Nevertheless, the professors tend to identify the 
universities with themselves and believe that they 
can speak not only for themselves but for all of their 
subordinates and their students. The ideal organiza¬ 
tion would include all of the persons of the staff of 
the university, from the professor to the laboratory 
mechanic.” (p. 286). 

“The appreciation of Soviet principles and ideology 
have strengthened their [Czechs’] intention to develop 
science and technology by rational planned action.” 
(p. 292). 

A very interesting account is given of the author’s 
visit to the monastery at Brno where Mendel made his 
revolutionary discoveries; but in 1946, of course, only a 
few were aware of the Communist threat to Mendelism 
and Crowther was not among them. His description 
of the monastery at that particular time is thus objec¬ 
tive and valuable, as it gives us a picture of the place 
just before genetics was outlawed. Perhaps sometime 
in the future the monastery will again be liberated, and 
we can hope that then an observer as competent as Mr. 
Crowther will report on its state. 

All in all, Science in Liberated Europe is valuable 
both for the author’s objective reporting and for his 
subjective judgments. Historians of science can use 
both as Source material in evaluating our epoch. 

Conway Zhucle 



The StOEY oe the Johns Hopkins. Four Great Doc^ 
tors and the M&iical School They Created. 


By Bertram M. Bernheim. WhUtlesey Eouse^ Mc¬ 
Graw-Hill Book Co., New York and Toronto. $3.50. 

xii -j- 235 pp. 4“ 9 plates. 1948. 

The Johns Hopkins Medical School is not like those 
of other universities. The title of this book itself 
indicates that it is a peculiar institution. No one 
ever speaks of The Harvard, The Cornell, The Temple, 
or The Stanford, but it is always The Johns Hopkins, 
or even The Hopkins. Other medical schools have 
generally originated as accretions to older institutions 
which were experiencing the growing pains of the 
transformation from college to university status. But 
The Hopkins never was a college. It was born full- 
fledged without any larval stage, from the mind of Its 
founder whose name it bears as Pallas x4thene from 
the forehead of Zeus. 

Johns Hopkins himself seems to have been the only 
figure of importance in this narrative with whom the 
author did not have a personal acquaintance. The 
pictures he gives us of the “Big Four” are vibrant with 
life and activity, and full of color, but that of the 
founder reminds us of a daguerreotype with the musty 
odor of the library stacks. This is not surprising, for 
Johns Hopkins did not come of a literary family. 
Neither he nor an}^ of his relatives left any memoirs 
from which a passable biography might have been com¬ 
piled, and a half dozen pages serve to exhaust all the 
data about him which the author has been able to as¬ 
semble. After the opening chapter his name does not 
appear again. The reason why this relatively un¬ 
lettered man chose to establish an institution of higher 
learning is obvious. His was a frustrated life. Unable 
to attend school because his labor was needed on the 
farm, and unable to marry the girl of his choice because 
her father objected to him, he became an embittered 
introvert. He then devoted himself to the liquor in¬ 
dustry, thereby amassing the fortune by means of 
which he perpetuated his name. 

Even after his death he was frustrated, for his execu¬ 
tors, who had neither vision nor faith in the future of 
either the university or the city of Baltimore, broke Ms 
will and placed both the university and the hospital in 
bfighted areas isolated by the freight yards. Eventu¬ 
ally the university acquired the Homewood campus, 
but the hospital has been doomed to remain where the 
executors placed it, surrounded by the squalor of an 
environment that continues to deteriorate, and with 
little opportunity for expansion because all available 
ground is occupied. This has not been altogether a 
bad thing. The department of a hospital that makes 
the greatest number of contacts with the outside public 
is the dispensary, and the patronage of the dispenKtry 
is recruited cMefly from the lower strata of society. 
The residents of elite communities can be visited hy 
physicians in their homes, or can obtain hospitalization 
elsewhere, but there is no one to minister to the needs of 
the imderprivileged of East Baltimore except The 
Hopkins, and tMs is the way Johns himself would have 
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wished it. He would never have been a welcome guest 
at the homes of the socially elite, but the slum-dwellers 
and the wharf rats respected him and loved him. 

The story which the author tells us is not that of an 
institution, but of the men who made it famous. Prob¬ 
ably no similar school has ever had so many luminaries 
on its faculty. One need only recall such names as 
Welch, Osier, Halsted, Kelly, Mall, Howell, Abel, 
Cushing, Baetjer, Dandy, to mention a few chosen at 
random, to realize this. The problem confronting me 
is to decide upon which of these to comment. Shall I 
speak of ‘Topsy” Welch, or of “The Chief,” as Osier 
w'as known? Or shaE I speak of Kelly, who always 
“opened wdth prayer,” or of Abel’s discovery of adrena¬ 
lin for which he has never been given credit? Shall I 
speak of Baetjer, the pioneer in x-ray work, who had to 
undergo more than 40 operations for burns on his hands? 
Or should I speak of the time when the author, feeling 
that he w^as not getting as much as he should from the 
course on human anatomy, bribed a janitor to procure 
for him a cadaver from the dissection room which he 
took to his home in Kentucky, packed in a suitcase for 
summer study, unmindful of the fact that he was com¬ 
mitting a penitentiary oSense? Or of the time when a 
physician who had exhausted every remedy in the 
Materia Medica for hiccoughs finally administered a 
glass of water with the' statement that it w’as a newly 
discovered drug that cost 30 dollars a dose? (The hic¬ 
coughs stopped at once and there w^as no recurrence.) 

One of the best known stories about The Hopkins 
concerns the statement falsely attributed to Osier that 
men over 60 should be chloroformed. Actually, what 
Osier said was the relatively mild remark that college 
professors should be retired at the age of 60. That 
part of the commencement address in which the chloro¬ 
form figures so prominently w^as a bit added by a 
writer of fiction. It certainly seems strange that 
such a misunderstanding should have occurred in the 
case of a man from The Hopkins, an institution noted 
for its respect to age. It is true that most of the Hop¬ 
kins celebrities were young men when they first became 
associated with that institution, but it is also true that 
most of them remained until well past the three score 
and ten years allotted by the psalmist. Isaiah Bowman 
was over 60 when called to the presidency of The Hop¬ 
kins, and a few years earlier another sexagenarian had 
been similarly honored, though he declined the caE. 

With apologies to those who may not be interested, I 
recall my own experiences at The Hopkins. Circum¬ 
stances'beyond my control prevented me from entering 
U',graduate;'School immediately upon leaving coEege. 
When'the ■way opened 14 years later,'! circularized a 
'dozen of the leading'institutions of higher learning of 
the country. The repEes were disheartening. “We 
areaorry but We can do nothing for you. You are too 
old.'' One even went so fat' as. to attempt to 'dissuade 
me.by ,sugg«tmg that stmography .might be a more 
prapticai iludy,:' But the reply from The Hopkins re¬ 


stored my faith in the American university. “You are 
the kind of man we are looking for. Come at once and 
let us get better acquainted.” The letter wns signed 
by Raymond Pearl, the founder of this journal, and it 
explains why those who hold a Hopkins degree look back 
on their student days with gratitude and appreciation. 



ECOLOGY AND NATURAL HISTORY 

Beyond the Caspian: A Natiiralist in Central Asia. 

By Douglas Carruthers. Oliver & Boydj Edinburgh 
and London. 22s. 6d. xx + 290 pp. -f 21 plates 
-h 1 map; text ill. 1949. 

This book is an account of wanderings during the 
first decade of this century in Central Asia, a region 
with indefinite boundaries herein taken as the land 
stretching from the Oxus River on the east to the Gobi 
Desert on the west, between those more or less paraEel 
mountain ranges, the Tien Shan and Kun Lun. The 
author is a coEector of birds and mammals, with a com¬ 
pelling desire to roam the deserts of the earth. The 
greater part of the text is concerned with the natural 
history of the birds and mammals he met, wild sheep 
and pheasants receiving especial attention. Eighteen 
photographs and 6 reproductions in color of paintings 
aid in describing the landscape and some of its inhabi¬ 
tants. Little mention is made of contemporaneous 
human inhabitants, although a brief history is given of 
their forebears, who under Tamerlane terrorized much 
of Eurasia. Appendices review the classifications of 
Old World members of the genus Ovis and of the true 
pheasants. 

J. L. Brooks 



Antarctic Conquest. The Story of the Ronne Expedi¬ 
tion of 1946-1948. 

By Commander Finn Ronne^ U.S.N.R. G. P. Put- 

nam^s SonSy New York. 15.00. 20 299 pp.; El. 

1949. 

Finn Ronne has given an account of a remarkable 
modem expedition to Antarctica, where he and Ms 
group spent 15 months (1946-1948), Although the 
biologist wiE find little direct information about the 
fauna or flora, since except for some plankton coEecting 
a biological program was not planned, the document is a 
remarkable report on the “human ecology” in a remote 
and isolated scientific expedition. Moreover, the de¬ 
scription of the infinitely detailed preparations and 
carefuEy meshed operations in the field gives the labora¬ 
tory trained reader a feeling of “good research design.” 
Ronne and Ms group (including Mrs. Ronne and Mrs. 
Darlington, the pilot’s wife) mapped 250,000 square 
nales' of heretofore unknown country, and corrected 
over 200000 square miles of mapping. Geological' 
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geophysical, and meteorological studies were carried 
out by the scientists on the expedition. A most com¬ 
mendatory note on the expedition is the plan regarding 
the workup and publication of the data. By the time 
Ronne’s Antarctic Conquest was printed, 7 scientific 
papers on geophysics and geology had been published, 
10 on other subjects, and 7 more were in process. 

M. C. Shelesnyak 



Field Manual oe Plant Ecology. McGraw-Eill 
Publications in the Botanical Sciences. 

By Pranh C. Gates. McGraw-Hill Book Co., New 
York) Toronto, and London. $3.00. xvi + 137 pp.; 
ill. 1949. 

Plant Ecology. Fourth Edition. 

By W. B. McDougall. Lea & Febiger, Philadelphia. 
$4.00. 234 pp.; ill 1949. 

The first edition of McDougall served an extremely use¬ 
ful purpose (reviewed Q.R.B., 3:141; 3rd ed., 16; 496). 
Compact and fairly well written, it afforded a general 
introduction to plant ecology for the large numbers of 
general students with whom ecology still plays the game 
of ^‘hard to get.” 

While the current edition has been reset (not without 
errors), it does not show the degree of revision which its 
possibilities would merit. Since this situation has al¬ 
ready been documented with some care in another re¬ 
view (Egler, F. E., Ecology, 31:312. 1950), it need not . 
be further labored. " 

Gaties’ manual of field methods is likewise compact 
and well rounded in its emphasis. It is, moreover, a 
product of the kind of continuous revision that comes 
from working for 32 summers with the challenging stu¬ 
dents who have enrolled for field classes in plant ecology 
at the University of Michigan Biological Station. In 
that period these classes have achieved a deservedly 
high reputation for thoroughness. 

Since the publication of Clements’ pioneer Research 
Methods in Ecology in 1905 there has been—so far as I 
know—^no general handbook of methods available for 
students. Aside from excellent but brief suggestions in 
textbooks, original papers have been the only, and 
necessarily scattered, source of directions. This fact 
alone should make clear the utility of Gates’ Manual. 

Methods are to the scientist what tactics are to the 
soldier. Today, even in the physical sciences, it is 
understood that technique must be adapted to the 
problem in hand as well as to the nature of the material 
used. This is, a fortiori, certainly tme of ecology, 
where regional aspects play so great a part. It would 
he praise enough to say that Gates has written an excel¬ 
lent manual for northern Michigan, which he has. But 
this manual is so soundly conceived and so well done 
that it will be readily adaptable by any competent 
'teacher for; much wider use. 

' Paul B. Seabs 


Le Peuple des Termites. “Qi/e Sais-Jef" Le Point 
des Connaissances Aciuelles. Number 213. 

By J. Feytaud. Presses Unhersiiaires de France, 

Paris. 45 fr. (paper). 128 pp.; ill 1946. 

In popular form, this is a well-WTitten comprehensive 
survey of termites. Several genera are considered in¬ 
dividually in terms of general characteristics, caste 
systems, nest construction, modes of digestion, repro¬ 
duction, and defense of the colony. In the chapter 
La Vie au Grand Jour the internal operations of the 
colony receive review as a working superorganism. There 
follow 3 chapters presenting ‘'both sides of the case”: 
the s 3 nnbionts and predators, termite damage to man’s 
belongings, and La Reaction de FHomme, which might 
well have been entitled L’Homme centre le Termite, 
Le Peuple des Termites makes little attempt at straight 
technicality, though a sufficient amount of detail is 
given. Bits of philosophy are mixed with an excellent 
historical review of our knowledge of termites and a 
consideration of the varied terminology^ applied to them 
in different countries. The bibliography includes 17 
references to more technical papers by Fey^taud, as well 
as a good representation of articles by other workers. 
There is no index. 

L. S. Staples 



Fluctuation of Animal Populations. Australmn 
and New Zealand Assocation for ike Admmement of 
Science. Presidential Address: Section D-Zoology. 
Perth Meeting, August, 1947. 

By A. J. Nicholson. Australian and New Zealmd 

Association for the Admmcmeni of Science. Paper. 

14 pp. 1947. 

In a long and somewhat difficult paper published in 
1933, A. J. Nicholson (/. Animal EcoL, 2: 132-178) 
set forth a general theory of biotic interactions as these 
regulate the “balance” of animal populations. Nichol¬ 
son’s monograph was essentially deductive in method 
and not lacking in intuition. While it is quite justified 
to state that this contribution remains an ecological 
classic, it is equally fair to conclude that the opinions 
advanced therein are not shared in entirety by ail popu¬ 
lation ecologists and that many of the formulations 
remain to this date abstractions yet to be verified by 
field and laboratory study. 

The crux ,of Nicholson’s theory is that, while the 
physical environment produces marked fiuctuations'in 
'census numbers, itris'interacrioE between organisms 
that alone initiates and perpetuates some semblance 
of numerical control over the longer time span of a 
population’s life history. Nicholson seems to •syno'uy- 
mize such interactions with “competition.” Thus,; he 
confers upon this term a statistkal; meaning under, 
which any relationship 'leading to .the decreased proba¬ 
bility of individual'survival (of reduced'reproductivity) 
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tliroiigii increase in population density could be called 
^^competitive.” This is an extension of the definition 
beyond the limits commonly recognized by most 
ecologists. 

The present brief paper was delivered as a presiden¬ 
tial address before the Australian and New Zealand 
Association for the Advancement of Science. It has 
two distinct merits: it expresses descriptively Nichol¬ 
son’s main ideas in simple, non-technical language; 
and it makes an intelligent plea for further work. 

The key points made by Nicholson in his lecture can 
be arrayed as follows: 

(1) Competition between animals, especially for 
food, is the mechanism that regulates abundance and 
leads to a state of balance. 

(2) Such balance may be relatively stable, or quite 
unstable. 

(3) If only replacement (by reproduction) occurs 
after a population has reached ‘'the level of bare sub¬ 
sistence,” the balance remains at equilibrium. Also, 
iiitraspecies strife induced by high density tends to 
produce stability by differentially eliminating weaker 
individuals through death, emigration, or both, and by 
favoring the more robust. The territorial behavior of 
mammals and birds is advanced as an illustration of 
this last point. 

(4) Populations inadequately checked by factors 
other than food tend to exterminate themselves by 
exceeding their food supply. This may actually happen 
in small, special areas. In larger areas, marked os¬ 
cillations in density occur owing to the release of popu¬ 
lation pressure as the density falls—this release per¬ 
mitting, first, the food resource to recover, follo'wed, 
second, by recovery of the population itself. Such an 
oscillation can occur in space or in time. 

(5) When predation destroys only the ill-fit among 
the prey, the latter achieves a density that jeopardizes 
its food supply. Contrariwise, when enemies attack 
“normal” individuals there is a tendency to keep the 
prey population at reduced level; the enemies have 
difficulty in satisfying their food requirements, and, in 
consequence, their numbers are limited. Under such 
conditions the prey population does very slight damage 
to its food plants. 

(6) Mass emigration occurs with some species when 
population pressure builds to a critical threshold. This 
prevents the depletion of the food supply to a level 
that would causemiass,starvation, but it does lead to 
violent oscillations. 

/ (7) Epidemic disease can also produce oscillations. 
The incidence of disease is correlated 'with high host 
density and with the resultant malnutrition of the host 
species.' 

, (8) “Superimposed upon this 'complex system of 
balance are climatic fluctuations; while below it, and 
supporting the wffiole system, are the physical environ¬ 


ment and evolution, which together have determined 
which plants and animals can live together and react 
with one another in any particular place.” 

Nicholson concluded his address with the following 
statement: “In our investigation of the population 
problem we must make full use of all means at our dis¬ 
posal, which can broadly be classified as field observa¬ 
tion, experiment, and theory. Field observation should 
lead to experiment, and both these methods provide 
the materials for theory, which in turn suggests further 
experiment and checking by observation. These 
methods are inseparable, and we must use all three 
readily and with judgment to develop our knowledge 
effectively. At the moment, it appears to me, theor>»' 
has outstripped observation, while experiment has been 
grossly neglected.” 

It is my present opinion that ecology will sustain 
creditable advances during the next several decades in 
certain rather broad areas of research. These include 
a study of microclimate, of community metabolism or 
“energetics,” and of populations. The application of 
maturing ecological principles to man’s welfare will 
also accelerate. In all such investigations the com¬ 
bination, as suggested by Nicholson, of field observa¬ 
tion (plus field manipulation), laboratory experimenta¬ 
tion, and theory will be both functional and necessary. 
By the nature of the case it is likely that such com¬ 
bination may be more readily achieved and perfected 
in the analysis of population phenomena. 

Thomas P.4rk 



A Study of Small Mammal Populations in 
Northern Michigan. Misc, Pub. Mus. ZooL link. 
Mich., No. 73. 

By Richard H. Mamille. University of Michigan 

Press, Ann Arbor. $1,25 (paper). 83 pp. + 4 

plates; text ill. 1949. 

A program of live-trapping and marking of small mam¬ 
mals (mostly rodents and insectivores) w^as conducted 
during the summers, 1940-1942, in the Huron Moun¬ 
tain region of the Upper Peninsula of Michigan. The 
work was done on 8 quadrates each 300 feet square 
(2,07 acres) and usually representing different types of 
forest habitat. Plant and animal associations of each 
type are described, and population data are presented 
on the species trapped. The woodland deermouse 
{Peromyscus manicidhtus gracilis) tvas, on the whole, 
the most abundant mammal, though a spectacular in¬ 
crease of the short-tailed shrew {Blarina h^mcauia 
Urtlandi) made the latter the dominant form in 1942. 
The relative abundance of the resident mammals 
changed constantly, but the brevity of the study did 
not permit critical treatment of these fl^uctuations. A 
tendency was noted for many species to become more 
numerous at the same time, particularly by the fall of 
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1941. The chief weaknesses in the discussion of fluctu¬ 
ations, in my opinion, He in ^^balance sheet” assump¬ 
tions, i.e., of more definiteness than exists in numerical 
values for home ranges, reproductive potentials, etc., 
that actually may be influenced a great deal by at 
least several important variables. The author’s stated 
preference for the old concept of balance of nature 
seems to ignore the many resiliences occurring in popu¬ 
lation phenomena; but, on the other hand, his sus¬ 
picions of oversimplifications in explanations of ‘^cyclic” 
changes are entirely wholesome. Environment, con¬ 
sidered in terms of “key factors,” certainly may not be 
divorced from the life equations even of species known 
to fluctuate with a fair amount of periodicity. 

Paul L. Errington 



EVOLUTION 

The Pterobeanch Rhabdopleura in the English 
Eocene. BvU, Brit, Mus, Nat. Hist., Geol. VoL 1, 
No. 1. 

By Henry Dighton Thomas and Arthur George Davis; 
with an appendix on The London Clay at Lower Swan- 
wick Hampshire hy Arthur Wrigley. The British 
Museum (Natural History), London. 7s 6 d. (paper). 
Pp. 1-24 -f 3 plates; text ill. 1949. 

A Re-consideration of the Galley Hill Skeleton. 
Bull. Brit. Mus. Nat. Hist., Geol, Vol. 1, No. 2. 

By Kenneth Page Oakley and Montague Francis 
AsMey Montagu. 5s. (paper). Pp. 25-48 + 1 
plate; text ill. 1949. 

The new Bulletin of the British Museum {Natural His¬ 
tory) is to be issued in 5 series corresponding to the 
Departments of the Museum. They will appear at 
irregular intervals, volumes (300-400 pages) not neces¬ 
sarily being completed within one calendar year. 

The series in Geology begins with a paper describing 
the first fossil rhabdopleure, found in the English 
Eocene strata. Besides being of exceptional interest 
because of the lowly place of the pterobranchs in the 
phylum Chordata, this is also noteworthy because it 
helps to close the gap between the modern pterobranchs 
and the last dendroid graptolites of the Carboniferous. 

The second paper publishes evidence that the famous 
Galley Hill (Swanscombe) skeleton is comparatively 
recent, in spite of its 8 ft. deep burial in the gravels 
of the 100-foot (mid-pleistocene) terrace. The skull 
and mandible “shoiv no features which cannot be 
matched in the contemporary population of Britain.” 
Especially convincing are the results of fluoride tests, 
■which revealed about 0.2 to 0.4% of fluorine, like 
Holocene bones, rather than 1.0% like Upper Pleisto¬ 
cene or 2.0% like mid-PIeistocene bones from the 
Swanscombe region. 

Bentley Glass 


Autour be la Crise dit Transformisme. Second 

Edition. 

By Pedro Descoqs. Beauchesne et Ses Fils, Paris. 33 

fr. (paper), x -f 102 pp. 1944. 

The biblical account of the origin of man has always 
been a complicating factor in any discussion of evolu¬ 
tion. Some Catholic theologians, such as Dorlodot 
and Messenger, have held that there is no contradic¬ 
tion between the story of creation in the Book of Genesis 
and the theory of evolution. Others, such as the 
present author, have continued to oppose evolution, 
particularly as it refers to the origin of man. Father 
Descoqs defines transformism as a mechanism of evolu¬ 
tion consisting of a succession of minute changes in 
living organisms. He has assembled, from the writings 
of contemporary French scientists, a number of quo¬ 
tations to the effect that transformism is a hypothesis 
rather than an established fact. The author then pro¬ 
ceeds to restate the traditional teachings of Catholic 
theologians concerning the origin of the world, the 
direct creation of man, and original sin. 

Walter H. Belda 



Progres ou Regression? 

By FridAric-Marie Bergounioiix; preface ly S. E. le 

Cardinal Saliege. Didier, Paris. 80 fr. (paper). 

128 pp. 1947. 

This book is a commentary on the theory of regressive 
evolution proposed in 1943 by Salet and Lafont, Ac¬ 
cording to this h>q)othesis, the history of the earth 
consists of three major periods: first, the period of the 
creation and formation of the earth, up to the ap¬ 
pearance of man; second, the Golden Age, during which 
nature achieved perfection when man appeared on 
earth; third, the period o! regressive evolution, be¬ 
ginning wnth the fall of man. An important corollar}" 
of tiiB hypothesis is that plants and animals which 
existed before man appeared on earth were immortal, 
and that after the fall of Adam and Eve, not only man¬ 
kind, but also all other things, first became subject to 
death. The h 3 q)othesis of regressive evolution was 
published by Salet and Lafont with the Catholic im¬ 
primatur of Msgr. Gaudel of the University of Stras¬ 
bourg, who commented that while this hypothesis is 
not contrary to Catholic theology, it is not the only 
hypothesis' which explains established facts, and that 
whatever validity it has depends on the proofs alleged 
in its favor. 

Professor Bergounioux is a geologist at the Institut 
Catholique of Toulouse. The first section of his book 
is a critique of the hypothesis of Salet and Lafont. 
The author points out that the succession of Iving 
forms established by paleontology is completely con¬ 
trary to any'hypothesis of regressive evolution* ' The 



326 


THE QUARTERLY REVIEW OF BIOLOGf 


second section is a summarj^ of paleontological evi¬ 
dence dealing witli evolution. 

Walter H. Belda 



La VrEiLLissEM:£NT DU ^loNDE Yivaistt, New [lU}i\ 
Edition, 

By Henri Decngis; preface by Maurice Caullery. 

Librairie Plan and Masson et Cie,^ Paris. 120 fr. 

(paper), vi -j- 38/ pp. -f 10 plates; text ill (1941); 

1943. 

Tlie notion that evolution automatically results in 
^^progress” las been dead a long time, and ought to be 
allowed to rest in peace. But here is another book— 
first published in France in 1941—to explain that evolu¬ 
tional}^ change is not often progressive. The first two 
chapters deal with species that have become extinct, 
have not changed for a long time, or have regressed. 
The larger part of the book is then devoted to con¬ 
sidering the causes of extinction or evolutionary ar¬ 
rest. With a certitude that hardly seems warranted 
by the available evidence, the author ascribes the arrest 
and disappearance of species to parasitism, infections, 
metabolic disorders of endocrine origin, and derange¬ 
ments of reproductive habits. All species, he feels, are 
now afflicted by these disturbances to such an extent 
that evolution has come to its end. 

iUthough Decugis displays a wide range of knowl¬ 
edge in his selection of examples, his understanding 
leaves something to be desired. The major flaw in the 
book is that the products of evolutionary processes are 
actually judged in the light of the human concept of 
progress, and thus condemned for reasons irrelevant to 
nature. Adaptation and survival are scarcely men¬ 
tioned. Anthropocentrism moreover clouds the entire 
work; the termites, for example, ‘^menent une existence 
lente et iugubre dans la nuit noire des gaieries des 
termiti^res.” 

Against this background it is not surprising to find 
that Decugis, who wrote off the w^Mte race in Le DesUn 
des Races Blanches^ now despairs of the entire human 
species. Still, in an era when mankind is truly in 
grave peril of its existence, it is surprising to find 
leprosy, Malta fever, and bubonic plague listed among 
the major threats to our survival. Not the least in¬ 
teresting thing about this book is that it went through 
11 printings in a 2-year period w''hi!e France was tmder 
Nazi occupation* There seems to be some satisfac¬ 
tion in pinning the plight of the human race on causes 
'beyond 'our control , 

Fdosence Moog 



GENETICS AND, CYTOLOGY, ' 

An' 'iNTitOBtrctiON 'to Mooiirn Genei3CS. Second Im- 
frm'sdm. ' ; '" ' 


By C. H. Waddington. The Macmillan Co., Neiu 
York. $3.25. 441 pp. -f 5 plates; text ill. 1950. 
It would have been better had the author revised this 
book, for modern genetics has advanced a great deal 
and a number of viewpoints have been altered in the 
past 11 years. Nevertheless, everyone who has tried 
in vain during recent years to secure a copy of this 
thought-provoking treatment of the subject wall wel¬ 
come its reappearance in print. 



Stoeia Naturale del Sesso. Biblioteca di Cultura 
Scientifica. XVI. 

By Emanuele Padoa. GiuUo Einaudi, Turin, Italy. 

L. 1200 (paper). 561 pp. 4- 2 plates; text ill 1948. 
This work is a notable example of a genre sadly lacking 
in our American scientific literature: a comprehensive 
uncondescending exposition of a fairly general subject, 
written seriously for serious readers who are not, how¬ 
ever, specialists in the field. The clear, precise language 
of the preface gives a view of a scientific climate foreign 
yet not completely strange, to the American scene: the 
implied defense of the Morgan school of genetics, to¬ 
gether with a defense of American scientific contribu¬ 
tion, is a homily in itself to the reader on this side of the 
Atlantic. Written, as we are told, in the dark and dis¬ 
tressing days of 1943-44 and completed just at the time 
of the new’s of Hiroshima, with all its foreboding impli¬ 
cations for the future of science and society, the book 
is nevertheless a model of economical, serenely tliought- 
out language, of wise choice of concrete examples for 
discussion, of clear illustrative material from the litera¬ 
ture, uncluttered tables, and illuminating original 
diagrams. Padoa is a talented teacher who can sum¬ 
marize complicated matters in a deceptively simple 
style. 

Characteristically, the first chapter at once justifies 
the title of the book by dealing with reproductive pat¬ 
terns throughout the biological world. Chapters on 
meiosis, gametogenesis, and fertilization follow. Later 
chapters are concerned with zygotic and phenotypic 
sex determination, sex differentiation, secondary sex 
characters, and sex reversal Padoa has been particu¬ 
larly successful in presenting the classic foundations of 
each of these phases pi Ms subject synthetxcaEy with 
more recent thought and investigation. That some 
modern work has been omitted is hardly surprising^ in 
view of the isolation in wMch the manuscript was com¬ 
posed: what does surprise is that so much new work 
has been not only included but truly assimilated* 

Of especial interest in the preface is the clear state¬ 
ment—one of the few explicit ones I have seen-“the 
position tacitly taken by many biologists: that our sci¬ 
ence is fortunately a ,young and 'innocent one, to be 
dissociated morally from the terrors of nuclear physics. 
Each of these' propositions seems highly questionable* 
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In particular, it seems that anyone who has willingly 
followed or employed scientific methods is somehow 
morally involved in the hard decisions taken the 
nuclear physicists in these recent eventful years. How¬ 
ever that may be, the detachment experienced by Padoa 
(and indeed by many of his colleagues in Italy) has been 
fruitful, and we wish him many and happier years in 
which to continue his investigations and his teaching, 
and in which perhaps even to become reconciled to the 
rigors of the atomic age and the witticisms of Samuel 
Butler. It is difiScult to refrain from mentioning the 
unostentatious but very pleasing format of the book, or 
the author’s handsome photographs of experimental 
fowls, with a delicate haze of Italian rooftops as a back¬ 
ground. 

Dorothea Rudnick 



Studies in Genius. 

By Walier G, Bowerman. Philosophical Library^ New 

Yorh $4.75. iv-f 343 pp. 1947. 

A quaint book indeed! The author has enjoyed his 
hobby of research in biography, and a mass of statistics 
and enumerations is the result. The 1000 eminent 
Americans chosen for review are considered from such 
pomts of view as the geography of their birthplaces, 
the season of the year at their births, and their blood 
relationship to others on the list. There seems to be 
significant evidence that the genius, as defined in this 
book, is born in a larger family than a person in normal 
families of the ^^upper” classes. However, exact infor¬ 
mation was available for only 274 of the eminent in¬ 
dividuals and is probably biased in favor of the larger 
families. A similar situation was found for the children 
of the eminent persons. What information there was 
indicates a strong correlation between the type of 
genius and his body build. The cause of death was also 
correlated with the body form or somatotype. A simi¬ 
lar study of world-wide genius comprises the second 
half of the book. 

It is not expected that this book will be of particular 
value to biologists, though some of the sister sciences 
might find it useful. 

Sheidon C. Reed 



Hrgebnisse und Auegaben dee Zeixmosphologie. 
Wissmschaftliche PorschungsheruMe^ NaiurwhsmschafU 
Ikke ReihOj Band 56.' 

By Dr. E. KUskr, [Tkmdor Steinkopffi Dresdm St 
Ldpzi^,'_ J. W, Edwards, Ann Arbor, Michigan 
{Pfinied An Germany). $4.(X). viii + 141 pp. 
'7[1942|,T947, , 

This book is one of a series edited by' Lies^ng of the 


Colloid Institute of the University of Frankfurt for the 
purpose of affording critical reviews of the Kterature of 
natural science during the past 10 years. Since the vol¬ 
ume T^vas first printed in Germany in 1942 and reprinted 
here in 1947, much of its timeliness is past. However, 
most students familiar with Kiister’s book Die Pflati- 
zenzelle and his researches on protoplasm and plastids 
will doubtless want to read this one also. The text is 
based upon his lecture notes of cytomoiphology, and 
although Kiister is a botanist, the subject and treatment 
have validity and significance also for the zoologist. 
There are 8 chapters about protoplasm, the nucleus, 
plastids, ergastic substances, the vacuole, membranes, 
the cell as a whole, and protista. A list of representa¬ 
tive literature citations follows each chapter. There 
are author and subject indexes. 

Earl H. Newcomer 



Cytologie Vegetale et Cytologie GENi;RALE. En- 
cyclopidie Biologique, Volume XXVL 
By Pierre Dangeard. Paul Lechevalier, Paris. 1250 
fr. (paper), iv 4* 611 pp.; ill. 1947. 

No really satisfactory book on general or plant cytology 
has been available either for teaching or research refer¬ 
ence. The author has attempted to fill this gap and 
has been, to a degree, successful This work might well 
serve as a textbook for a course in plant cytology, but 
only as an added source reference for a general course. 

The author states that he has tried to cover the vari¬ 
ous aspects of classical cytology as well as the more re¬ 
cent developments. In the latter respect the treatise 
could be much improved. For instance, the fields of 
cytochemistry and the newer aspects of mitotic abnor¬ 
malities induced by various radiations, cell poisons, 
etc., are not exploited. The chapter on cytogenetics 
leaves much to be desired. However, these shortcom¬ 
ings are, at least in part, recognized by the author for he 

says _que nous ne pouvons pas nous flatter d’avoir 

donn6 un apergie de toute question d’mt6r6t majeur. 
... Ce livre est done plutdt une Introduction i la Cy¬ 
tologie qu’une Trait6.” 

A, H. Sparrow 



GENERAI. and SYSTEMATIC BOTANY 

.Rmyxon. Annaies Ed Botankm. Volume 1, 'Mutter 
1, November, 1948; Nwmbm ^-4, Jum, 1949 .' 

MdUed by F. Weber ard F. WMder. ' F^dinani^'B^- 
ger, Horn N.-O. {Amlrm). (1) 30 Sch. (Domestic), 
S. fr. 10.00 or $3.00 (Foreign); (2-4) 9a'Sch./(Do-^ 
mestic), S, fr. 30,00, or $9.00 (Foreign). 

The appearance of anew botanical joutmai'is^Mways^'an 
'event of considerable 'interest, particiflairlyso'when:'the' 
new journal is edited and'pubMshed' in the ,Ilu^ian';Zoiie 
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of Austria. According to the editors, both of the Uni- 
versii}’ of Graz, Phyion is intended to represent the 
whole field of botany rather than a specialized branch 
of it. Papers are limited to 16 printed pages but can 
be submitted in any one of the congressional languages. 
Actually, volume 1 contains 2 papers and parts of a third 
in English, all others being in German. One of these 
papers had previously been published in the United 
States, and a translation of it appeared in a German 
journal {Physis 2/3). 

In all, 26 articles and 2 groups of reviews are included 
in this volume. The majority (14) of the articles may 
broadly be classed as representing the morphological 
sciences, 11 being taxononic, 1 paleobotanical, 1 each 
in the fields of phyiogeny and evolution, respectively. 
Of the 10 remaining articles, 4 deal with vitamins and 
plants and 1 with anatomical effects of colchicine treat¬ 
ment. Other interesting topics covered are: the correct 
spelling of the name Ginkgo; the occurrence of man¬ 
groves in Upper Cretaceous deposits of the northern 
foothills of the Austrian Alps; the action of guard cells 
in aquatic plants; the permeability of protoplasm with 
regard to various substances; and the electro-physio¬ 
logical behavior of glands. The single plate included 
in this volume is a reproduction of one of the rarest 
botanical plates ever made. It is the work of the botan¬ 
ist Ignaz Friedrich Tausch (1793-1825) and represents 
plate 20 (last) of his folio Hortus Canalius,.. (1823- 
1825). The legend gives the name Actaea nutans 
Tausch. The author of the paper (F. Widder) identified 
this long lost species (and name) as a mutant of the 
North American species Cimicifuga racemosa (L.) 
Nutt., possibly referable to var. serpmtaria. 

Clearly certain fields are not represented in this vol¬ 
ume, notably cytology, genetics, ecology, cryptogamic 
botany, and microbiology. Perhaps future volumes will 
remedy this deficiency. Although the workmanship and 
paper used in the production of this volume are remark¬ 
ably good considering the difficult post-war conditions, 
most potential subscribers will be stunned by the differ¬ 
ential subscription rates, ranging from 120 Schilling 
for Austrian subscribers to 40 Swiss francs and U. S. 
$12.00 for foreign subscribers. American subscribers 
are thus expected to pay about three times as much as 
the domestic rate. As no comparable American or other 
scientific journal sells for that much either at home or 
abroad, this policy is likely to curtail the circulation of 
this otherwise commendable journal from the very 
outset. 

Theodor Just 



CoMJEGE Botany. 

By Harry J. FuUef;ani Oswald Tippo, Hmry Holt 
<& Co., Mm York $5.75, 993 pp, + 1 plate; text 
'ill 1949. 


When a teacher finds that students have read several 
chapters ahead of the assignment in a textbook he 
knows that that textbook has something not usually 
present in such works. Fuller and Tippo have made a 
comprehensive and informative textbook readable, in 
fact, enjoyable. College Botany is still a textbook, how¬ 
ever, and not a book that skims lightly over some of the 
more amazing facts about plants. The reader gets a 
good introduction to an understanding of the structure 
and the operation of flowering plants. For anyone who 
wants to learn about such things as the relations of 
roots and soil, what botanists now know about the 
absorption of nutrients from the soil, how materials 
are moved within the plant, and what happens to them 
when they get to their destination, the early chapters 
give the story succinctly with diagrams and pictures 
that clearly illustrate the text. The discussion of the 
chemical processes can be understood by someone 
without much background, although the presentation 
is not toned dovim to the point where a student who 
knows chemistry could think that biochemistry is sim¬ 
ple. The complex interrelations between plants and 
their environment is continually emphasized by refer¬ 
ence to controlled experiments that have been carried 
out and by pointing out the agricultural and horticul¬ 
tural practices that are based on manipulations of either 
the plants or the environment. In fact, all through the 
book student interest is aroused and held by references 
to the usefulness of knowledge about plants and plant 
growth. A more complete discussion of the importance 
of plants to man is given at the end of the book. Often 
such chapters are not read by students because the 
preceding chapters of a book have so completely di¬ 
vorced plants from the world of everyday life that it is 
too late at the last to arouse interest in the reason why 
the knowledge of all kinds of plants is of consequence 
to man- But Fuller and Tippo lead up to their last 
chapter, making it a suitable conclusion to their treat¬ 
ment of modern plant science. 

No review of College Botany would do it justice that 
did not praise the clarity and meaningfulness of the il¬ 
lustrations. Each one tells a story, and most of them 
tell stories that are not easily demonstrated by many 
teachers. All of them show what their legends say they 
show^ Another feature that aids the student is the in¬ 
clusion of summaries at the ends of chapters to make 
the main points stand out. Ail technical terms are 
printed in bold face type when introduced and are 
clearly described at that time. The glossary and a very 
complete index make the text workable and give the 
student a feeling that the authors had clear minds and 
knew^ what they were aiming at from the time they 
started organising and writing the book until they 
finished the tedious labor of completing the index. 
When high standards fire set and' met by textbook 
, writers, the users respond with a respect for and an 
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awakened interest in tlie subject matter. Fuller and 
Tippo’s College Botany stimulates such a response. 

Hariuet B. Creighton 



College Botany. ^4 Basic Course in Plant Science 

By Clarence J. Hylander and Oran B. Stanley. The 

Macmillan Co., New York. $5.00. xii -f- 638 pp. 

-f 1 plate; text ill. 1949. 

This textbook is intended for the traditional year course 
in general botany with Part I, The Plant Organism, 
dealing with the structure, functions, and problems of 
the individual seed«bearing plant, for the first semester, 
and Part II, The Plant World, for the second semester. 
This second part deals with plant groups, first from a 
taxonomic and morphological standpoint and then from 
that of plant Interrelationships, and concludes with 6 
chapters on plant ecology, heredity, and evolution. 
That the book can be used, however, for shorter ‘‘en¬ 
riched’^ courses is pointed out by the authors. (Particu¬ 
lar “blocks” and “gaps” could easily be chosen in line 
with certain trends in general education.) There are 
45$ figures, an appended list of common and scientific 
names of plants mentioned in the text, but few chapter 
summaries, no glossary, no suggestive list of topics or 
questions for study, and no bibliography or suggested 
reading lists for interested students. Many teachers 
may find these lacks a drawback, but perhaps the text 
is intended to include all necessary facts and to be suffi¬ 
ciently stimulating without wording of questions. The 
photographs, line drawings, and charts are uniformly 
excellent, and one 'welcomes the new illustrations. The 
headpieces at the beginning of each chapter are partic¬ 
ularly attractive. Certainly it is a book with a wealth 
of information about plants, the organization is good, 
errors are few, and it is readable. Perhaps there is a 
better balance here between morphology, physiolog>% 
ecology, and the economic aspects of plants than in 
many textbooks. The emphasis is on a thorough study 
of seed plants, their practical and cultural values, and 
the importance of conservation or an intelligent use of 
our plant resources. 

In the Preface, the authors have stated that their 
intention is to secure a more balanced content of sub¬ 
ject matter, to appeal to the needs and interests of 
larger numbers and varieties of students, to develop an 
awareness of the importance of plants, and to utilize 
to better advantage visual instructional materials. In 
most respects the book has accomplished these aims 
admirably, but as with certain other recent voluminous 
books on botany one wonders if the increased number 
of pages involved in supposedly attracting and holding 
all sorts and conditions of students has not made it of 
such an encyclopedic nature that the average student 
finds more factual “meat” than he can chew or digest, 
and hence is provoked to greater coverage rather than 


being stimulated to thoughtful study involving a 
mastery of principles and a formulation of concepts. 

Carrolle E. Anderson 



A Manual oe the Penicillia. 

By Kenneth B. Paper and Charles Thom; with the 

technical assistance and illusiraiiotis by Dorothy J. 

Fennel. The Williams & Wilkins Co., Baltimore, 

$12.00. X 4- 875 pp. -f 10 plates; text ill. 1949. 
There are probably few microorganisms and certainly 
few fungi which transcend the Penicillia in their im¬ 
portance to man. Within this single genus of ftmgi 
are found not only producers of powerful antibiotics 
of incalculable value in modern medicine, but “molds” 
of enormous commercial value. As illustrative of 
their diversity of activities and metabolic dexterity 
one might cite their importance as producers of organic 
acids, enzymes, their role in cheese-making, and in the 
deterioration and spoilage of foods, various manufac¬ 
tured products, etc. They also produce serious destruc¬ 
tive fruit rots, and cause certain diseases of crop plants 
and even of man. 

In spite of the enormous importance of PmiciUium 
in our everyday life, the complex of species has remained 
for all but a few persons a baffling one. The literature 
of the group, in the two decades since the appearance 
of Thom’s The Penicillia^ has increased by leaps and 
bounds, and entirely new areas of investigation have 
been developed. The time was ripe, therefore, for a 
summation of our modern knowledge of Penmlliuntf 
and in Raper and Thom’s book 'we have this need 
abundantly fulfilled. 

After a short Preface there is a section entitled Gen¬ 
eral Discussion, covering such topics as a historical 
discussion of the Penicillia, the generic diagnosis and 
synonymy of Penicillmmj methods of observation, tech¬ 
niques employed, and features of structural and biologi¬ 
cal significance in describing species. This last section 
is 'unusually comprehensive, meticulously executed, 
and excellently illustrated. The fourth chapter of this 
section deals with the cultivation and modern methods 
of preservation of the Penicillia. The section concludes 
with a superb account of the history of penicillin and 
the methods employed in its commercial production. 

Part n, the Manual Proper, opens with a chapter 
on the use of the manual. Here are described in careful 
detail such topics as the data necessary for identifica¬ 
tion (a sample data sheet being included), bases for 
classification, series, species, varieties, mutants, strains,‘ 
etc. Since the 137 species recognized in this manual as 
vald cannot be effectively handled in a single key, 
spedes series are utilized in both the Diagrammatic 
and General Keys for Identification which are included. 
Once the series is; known, a Series Key guides the .in¬ 
vestigator to 'the proper species.' 'Under ^ch Series, is 
given a synopsis of outstanding characters, the^ Series 
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Key and a discussion of the Series as a whole. The 
species descriptions include citations, synonyms, com¬ 
ments, and numerous illustrations, both of colonies 
and of particular structures of importance in identifi¬ 
cation. Ten plates in full color greatly enhance the 
descriptions of the colonies. The final chapter of this 
section deals with Gliodadium, Faecilomyces, and Scop- 
idariopsis, genera closely allied to Penicillium. These 
are treated in the same manner as Penicillium, 

Part III is given over to reference material. It con¬ 
tains a comprehensive topical bibliography, with items 
ranging from acid formation, allergy and antibiotics, 
through deterioration, pathogenicity, and penicillin, 
to tannins. Other topics are also considered. This is 
followed by a general bibliography. After a species in¬ 
dex and index to accepted species and varieties, a 24- 
page general index concludes the volume. Throughout 
are excellent illustrations by Borothy I. Fennel. On the 
whole, the book is well made and printed, although a 
few instances of imperfectly printed and inky pages 
occur in the reviewer’s copy. T)>pographical errors are 
remarkably few. 

It seems almost needless to add that Paper and 
Thom’s book is a star of the first magnitude which will 
unquestionably take its place in an American my- 
cological firmament. 

F. K. Spahjrow 



Mahin Floha. Manml of the Flowering Plants and 
Ferns of Marin County^ California, 

By John Thomas Howdl; photographs hy Charles T, 
Townsend, UnmrsUy of California Press, Berkeley 
and Los Angeles, California, |4.S0. vii + 323 pp. 
4- 25 plates; text ill. 1949. 

Marin County, California, lies just north of the Golden 
Gate, and comprises 529 square miles of country that, 
In spite of its nearness to a great metropolitan center, 
has maintained a surprising amount of its natural vege¬ 
tation. The topography is hiliy or mountainous, and 
large towns have not developed. Within the county are 
such tourist attractions as Mt, Tamalpais and Muir 
Woods. The main part of HowelFs book is devoted to 
a manual of the flora of the county. At the beginning 
is a key to the principal groups of families, and then 
^ keys to the families within the groups. Keys to genera 
and species axe given within the treatments of the, 
'various families. Separate descriptions of species are 
■emitted, but^ithere are copious notes on habitat and 
local,occurrence. Synonymy is limited to essentials,'and 
common, names are not .'belabored. There are 1313 
species and 144 named varieties and forms included in 
the manml. 

'A''rather, long 'introduction describes the phy^o- 
graphlc, features 'of County,, its geology, -soils, 

and' md 'its' principal ,Ife xones' and plant as¬ 


sociations, along with a numerical analysis of the flora 
and sections on geographic relationships. The intro¬ 
duction closes with an account of botanical exploration. 
The book is illustrated with 25 superbly executed half¬ 
tone plates illustrating the botanical landscapes of the 
region. A list of references, a glossary, and an index to 
common and scientific names are appended. How^eii’s 
manual has a place in the library of every student o! 
western North American floras. It is scholarly, carefully 
documented, and finely printed. 

H. M. Raup 



Observaciones sobre la Vegexacion de la Pro- 
viNCiA DE Tucijman. Monogf, Inst. Estud. Geog., 5 . 
By Jorge Hieronymus; revised and with notes by Hans 
Seckt. Institute de Estudios Geogrdficos, Facidtad de 
Filosofia y Letras, Universidad Nacional de Tucumdn, 
Argentina. (Paper). 162 pp. 4- 1 map. 1945. 
This is a reissue of an early but classical account of the 
vegetation of the small Argentine province of Tucum^n. 
The original account, published in 1874 in the Boletin 
de la Academia Nacional de Ci&ncias de Cordoba (Argen¬ 
tina), is rare, a copy not even being owned by the 
library of the Cdrdoba institution w^here it was pub¬ 
lished. Since this w^ork is still considered basic to the 
student of the vegetation of that part of Argentina, it 
has been republished. Seckt, of the National University 
of C6rdoba, has clarified somewhat the heavy “Ger¬ 
manic” style used by Hieronymus in the original and 
has also appended important nomenclatorial changes 
where necessary. The phytogeographical account of 
Hieronymus is a descriptive one in the classical style, 
and foUovrs in general the pioneer vegetational work of 
Grisebach (1872) so popular at the time. Hieronymus 
lumps his plant “formations” into 5 general types 
(chapter headings) which, though perhaps not now 
acceptable, may be correlated with the phytogeograph- 
ical regions recognized in the province today. Besides 
its importance as a pioneer work, Hieronymus’ ac¬ 
count should be of much value to the Argentine ecolo¬ 
gist who is seeking a clue to original types of vegetation 
in a province the native plant species of w^hich have 
often been replaced by intensive agriculture. 

W, H. Hodge 



Trees of ihe Coixntryside. 

By Margaret McKenny; illustrated with lUhographs by 
Alice Bird, Alfred A, Knopf, New York ' 12.50* 
vi 4- 63 pp. 4- 32 plates; text ill. 1942. 

This is a slender volume on some of our common trees, 
written from an appreciative rather than a scientific 
point of view, , The accompanying lithographs by Alice ‘ 
Bird' provide the'necessary support for brief d^rip- 
tions. 
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PLANT MORPHOLOGY 

Plant Pathology. 

By Sir Edmn J. Butler and S. G. Jones. The Mac¬ 
millan Co., New York {printed in Great Britain). 

$10.00. xii -r 979 pp.; ill. 1949. 

TLie first third of this book is about general principles 
of plant pathology, and the last two-thirds describes 
representative specific diseases of plants. The section 
on principles is, in general, excellent. It is difficult to 
present logically in 330 pages all of the interrelated 
factors of host, parasite, and environment that lead to 
disease, but the authors have succeeded remarkably 
well. The nature of disease organisms and their life 
histories, the host-pathogen relationship and the nature 
of resistance, the influence of environment, pathological 
anatomy and histology, and disease control are covered 
with apparently few significant details omitted. Most 
of the examples given are of fungus disease, with a 
few references to those caused by bacteria. There are 
special chapters on virus and deficiency diseases, w^hich 
seems desirable in view of their unique nature. There 
is also a brief classification of the fungi. Chapter 2 con¬ 
tains sections on the persistence of parasites from year 
to year, variation and specialization in fungi, and epi¬ 
demics. It might have been more logical to put the 
discussion of variation and specialization with the 
chapter on resistance and susceptibility. The section 
on epidemics is largely historical and descriptive, and 
one feels a need for a summary section describing the 
way in -which various factors contribute to the occur¬ 
rence of epidemics. 

Over 160 specific diseases are discussed in Part II, 
Selected Diseases. These are w^ell chosen and for the 
most part adequately treated. The discussions are 
brief but complete, and detailed information is given 
when such detail is available and based on extensive 
research. 

The book is well written and readable. Direct ref¬ 
erence to authorities in the text is infrequent, which 
adds to its readability, but the reader may not like to 
turn to the references to know the names of contribu¬ 
tors. The book was completed in 1943, and most of the 
literature cited dates before that; although there are 
some more recent references, more could have been 
used, 

A student who has read and comprehended this book 
should have about as good an education in plant path¬ 
ology as one can get by reading. It is probable, however, 
that a beginner may not appreciate some of the many 
excellencies of viewpoint and judgment shown here 
until he has had broader experience. The book, there¬ 
fore, will bear repeated reading by students, and will 
do much to orient and clarify the information of more 
experienced plant pathologists. It wifi also be found 
^ghly useful to many people/other than plant pathol- ^ 


ogists, whether the\' wish to get quick information 
about a specific disease or to acquire a sound back¬ 
ground in general plant pathology. 

Carl J. Eide 



Bits th.4T Grow Big. Where Plants Come From. 

By Irma E. Webber. William R. ScoU, New York, 
$1.50. 64 pp.; ill. 1949. 

A simple and effectively written and Mlustrated child^s 
book on plant reproduction, covering seeds, tubers, 
spores, cuttings, etc. Easy-to-do experiments accom¬ 
pany the text to enable the youngster to see for him 
self or herself the manner by vrhich plants grow and 
develop. 



PLANT PHYSIOLOGY 

Praktikum der Zell hno Gewebephysiologie der 
Pelanze. PJlanzenphysiologische Praktika, VoL 11. 
Second Edition. 

By Siegfried Sirugger. Springer-Verlag, Berlin, Got- 

tmgen, and Heidelberg. DM 27.60 (cloth); DM 

24.00 (paper), viii -p 225 pp.; ill. 1949. 

In his new edition Strugger has produced an Improved 
laboratory manual of cell and tissue physiology of 
plants. This book, already known to many American 
scientists, has been completely reorganized to include 
a number of subjects not treated in the first edition or 
in any other manual. It is the only book that covers 
adequately the subject of cell physiologj^ as it has been 
developed in Strugger’s laboratory. An English trans¬ 
lation would be an important contribution to our botan¬ 
ical literature. 

The subject matter, presented as individual experi¬ 
ments, is organized under 7 topics. First is the prepara¬ 
tion of living cells and tissues, in which directions are 
given for the study of cells in both natural and artifi¬ 
cial media. Second, microscopic studies of living plant 
cells and tissues are described. Included are analyses 
under light field, dark field, the fluorescence, and the 
phase contrast microscopes. The apparatus for each of 
these types of study is described, Next come cytomor- 
phology and experimental cytology, making use of the 
techniques described in the first 2 chapters. Such phe¬ 
nomena as protoplasmic streaming, the outflow of 
protoplasm from cut cells, changes in viscosity, and 
plasmopt^'sis are covered. The nature of the cefl nu¬ 
cleus under many experimental conditions is pictuired. 
Chloroplasts and chromoplasts have been given detailed 
studies, using many r^ents.' Finally, the;vacuole 
S 3 rstem of plant'cells is described in many'oiperiinental 
phases. The chapter on plasmolytic methods has been, 
'brought up’ to ^date,,but no ,'iinpdrt^t concepts have" ^ 
been ,chang«I. "Quantitative, methods for dtetennining;,' 



332 


TEE QUARTERLY REVIEW OF BIOLOGY 


osmotic pressure b}' plasmol}’sis are presented in coi> 
siderable detail. Chapter 5 describes experiments on 
absorption. The effects of various ions on piasmolysis 
forms are given. Vital staining, wound stimulation, 
and plasmot’zabiiity are treated. Permeability studies 
of many tc’pes are described, and directions for labora¬ 
tory experimentation are stated clearly. Using both 
light field and fluorescence microscopy, Strugger pic¬ 
tures the uptake of acid, neutral, and alkaline vital 
stains. The selective staining of many plant structures 
is described and illustrated. Not only are the methods 
given, but the theoretical significance of vital staining 
is treated in several places. 

The book ends with 2 new short chapters, one on 
electrocytolog}^ and electrohistolog>' as determined by 
treatment with dyes at various pH, the other on the 
transport of materials in plants. Translocation is 
broken up into cell-to-cell movement, transport through 
the xylem tissues, and movement in the phloem. Many 
of the experiments on translocation involve new dyes 
which serve as tracers. Though some of these are intro¬ 
duced into cut steins, others, such as K-fluorescein, are 
apparently absorbed through living cells and trans¬ 
located through the phloem of relatively intact plants. 
This type of indicator is of the l\'pe long sought by 
physiologists to aid in translocation studies. While 
exfoeriraents to date have not clarilied all of the prob¬ 
lems in the translocation of food materials within the 
plant, they give more critical data than many of the 
older tracers. The}’ should aid materially in the ulti¬ 
mate solution of man}’ of these problems. This book 
may be highly recommenried to all who are interested 
in the detailed stud}’ of the cellular physiology of 
plants. 

A. S. CuAFTs & H. B. Currier 



La jPHYSiOLOGiE Vegi&tale. ‘^Que SaisEef^ Le Point 
des Connaissances Actuelks, 

By Rmul Combes. Presses Unwersitaires de France, 
Paris. 76 fr. (paper). 128 pp.; ill. 1948. 

Previous numbers in this series have dealt with every¬ 
thing from the History of Africa to Radiation and Life, 
and the series seems to be designed to provide the 
intelhgent kynian with an appreciation of the basic 
facts, methods, and generalizations of the most various 
subjects. In general, Combes has succeeded in high¬ 
lighting the fundamental characteristics of the living 
plant^ and the problems posed by it, and has done so' 
in a reasonably entertaming manner. The major topics 
considered are; (1) the incorporation of various sub¬ 
stances Into the living plant body; (2) metabolism; and 
(3) the energy relations of the' plant, ■ The historical 
account of' the discovery of the basic facts about plant 
nutrition is well done, even if contributions of French 
investigators are slightty overemphasized. However, 


many important and interesting aspects of develop¬ 
mental plant physiology are completely disregarded, 
and other topics (such as respiration, plant hormones, 
and enzymes) do not receive sufficiently modem treat¬ 
ment. There are no references, the illustrations are 
few, and the emphasis of chapters is sometimes ill- 
placed. Despite these failings, the author has succeeded 
in cooking a reasonably palatable dish of ‘^plant science 
for the citizen.’’ Publishers of pocket-sized books in 
this country might well consider the production of a 
similar but somewhat improved volume in English. 

Arthur W. Galston 



Elementary Plant Physiology. 

Laboratory Manual. 

By Stuart Dunn. AddisonAVesley Press, Cambridge, 

Mass. (1) $3.50; (2) $1.00. (l)v +164 pp. 1949. 
The 9 chapters of this brief book cover the plant cell, 
absorption, transpiration and. translocation, mineral 
nutrition, photosynthesis, organic constituents, respira¬ 
tion, and growth. These chapters give the impression 
that not much new work has been done in plant ph\'s- 
iology during the last 10 or 15 years. With few excep¬ 
tions the literature cited dates before 1940. There are 
general reading lists at the end of each chapter, but 
no mention Is made of several textbooks of plant 
physiology that are in use today. 

The chapters on transpiration and translocation, 
mineral nutrition, photosynthesis, and growth are 
adequately done from a historical point of view. The 
chapters on organic constituents and respiration, the 
very heart of plant physiology, are sketchy, the work 
of Thimann, Goddard, J. Bonner, James, and others 
in these fields not being mentioned. The subject of 
enzymes is treated briefly, and it is interesting to learn 
that the author does not believe that any enzymes have 
yet been crystallized. 

The author has prepared a laboratory manual to 
accompany the text. The experiments are standard in 
most elementary physiological laboratories and follow 
the subject matter of the book. 

G. R. Noggle 



ECONOMIC BOTANY 

La S:6lection VEoixALE. ''Qm Le Foinl 

des Connaissances Actuelles, No. ^19. 

By Germain Chalatd. Presses UniversUaires de 
France, Paris. 75 fr. (paper). 128 pp.; ill 1946. 
This little book is a popular exposition of the principles 
and procedures of plant breeding (not of' natural selec¬ 
tion) . It is divided into 5' chapters. The first outlines 
the scientific basis of selection or the laws, of genetics. 
The second is concerned with “conservative” 'Selection 
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and defines tlie methods employed to perpetuate and 
propagate desirable varieties. The third considers 
^‘creative” selection through, hybridization, which pro¬ 
duces new characters by crosses between varieties. 
The fourth reviews the more complex situation in 
interspecific and intergeneric crosses. The fifth de¬ 
scribes mutations and polyploidy. Chalaud writes 
clearly and convincingly. He uses scientific vocabulary 
unapologetically, as French popular science waiters can 
with a considerable measure of impunity, because of 
the average man’s relatively extensive vocabulary and 
feeling for words. For the same reason, it is found 
possible to do with very few pictures (only 9), The 
logical presentation of the subject, with reference to 
familiar examples, makes excellent reading for the lay¬ 
man, but the book will hardly be found to suit the re¬ 
quirements of the practical agriculturist. 

The references cited are all French: some of them 
are rather inaccessible and two or three either obsolete 
or unreliable. Mention is made in the text of Ameri¬ 
can, Canadian, and Russian work, but very little of 
it is described. On the other hand, many interesting 
histories of French plant breeding are given. These 
will be of considerable interest to the American student 
who is already versed in the subject and familiar with 
similar cases under quite different environmental con¬ 
ditions. 

PiERRE DaNSEREAU 



Child’s Garden of Flowers. 

CinLD’s Garden of Vegetables. 

By Robert V, Masters. Greenberg, New York. $1.00 
each. 32 pp. each; ill. 1949. 

Here is a clever idea, sure to appeal to the very young 
gardener—little books with simple directions, and with 
5 packages of flower or vegetable seeds pasted right be¬ 
side the appropriate descriptions. But be sure you 
get this year’s edition, since old seeds, in spite of the 
3-year guarantee, might bring disillusion. The pictures 
help to tell the weeds from the flowers as they are 
growing up. 

Bentley Glass 



America’s Crop Hjeritage. The History of Foreign 
i'Blant Introduction by the Federal Gmernment, 

By Ndson Klose. The Iowa State College Fress, 
Ames. $3.50. x-f-lS6pp.;ill. 1950. 

Americans Crop E&^itage, in presenting the history of 
foreign plant introduction, is of interest to all botanists 
and agriculturists. In addition, it should be of value 
to students of economic history, as it fills a gap in the 
story of the economic development of the Nation. It 
also outlines the process of cultural transference and 
reveals America’s debt to other countries. 


Plant introduction has been necessary from the out¬ 
set, since only a small proportion cf our crop plants 
are native to the United States. The first 2 chapters 
deal -with the Colonial Period and the early days of 
the Nation from 1770 to 1840. This was a time when 
government played little or no part in promoting agri¬ 
culture, and the search for new plants was largely in 
the hands of individuals and agricultural societies. The 
third chapter is concerned with the first attempts by 
the Federal Government to aid in the introduction and 
growing of crops, and stresses particularly the work of 
the Wilkes, Perr>", and other exploring expeditions. 

In 1839, the Agricultural Division of the Patent Office 
was organized. Until 1862 it was the leader in the col¬ 
lection and distribution of seeds to the farmers of the 
country. Tea and sorghum were the principal new 
introductions during this period. 

In 1862, a Department of Agriculture, headed by a 
Commissioner, was established. Several chapters are 
devoted to its varied activities. A great advance was 
made in agricultural education, and a beginning in the 
selection and breeding of new varieties of native wheats 
and the development of native grapes. Many impor¬ 
tant crop plants, such as the durum wheats, Egyptian 
cotton, jute, ramie, sugar beets, oranges, eucal 3 rptus, 
and several forage grasses were introduced. In 1889, 
the first Secretary of Agriculture was appointed and 
given Cabinet rank. The great advances made under 
Secretaries Rusk, Morton, and James Wilson, and the 
even more spectacular progress made under their suc¬ 
cessors in the 20th Century, are outlined in the 3 final 
chapters. Of special interest is the account of the 
organization of the Bureau of Plant Industry, the work 
of the Office of Seed and Plant Introduction, and the 
activities of ^Special agents” or agricultural explorers, 
such men as Fairchild, Hansen, Carleton, Knapp, and 
Meyer. Among the many new introductions may be 
mentioned those of dates, figs, soybeans, and tung 
trees. Four official documents relating to the early 
days of plant introduction are given in an appendix. 

Albert F. Hill 



Guide to the Medicinal and Poisonous Plants of 
Queensland. Coun. ScL Must. Res. BulL No. 

By L. J, Webb. Council for Scientific and Industrial 
Research, Melbourne. Free upon request (paper). 
202 pp. 1948. 

in the introduction of this buEetin the author has in- 
eluded a discussion of some historical a^ects of bo¬ 
tanical exploration carried on in Australia. In addi¬ 
tion, he has told something of certain writings which 
deal with the chemistry and pharmacology of poisonous 
and medicinal plants, particularly those of Queemsfend, 
The need for much additional work on the chemistiy 
and pharmacology of the plants is brought out. The 
various plant species have been, 'arranged aiphabeti-' 
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caliy by families, witli the genera also in alphabetical 
order. With limited space, the amount of information 
concerning the medicinal and poisonous properties of 
any particular species is necessarily limited in most 
cases. Native, as well as non-indigenous plants of 
Queensland are included. The value of this publica¬ 
tion is enhanced by the numerous sources of informa¬ 
tion cited. Many references are listed alphabetically 
by author. A well-prepared index to botanical and 
popular names is included on the last 18 pages of the 
buUetin. Workers interested in certain economic 
phases of botany, in plant chemistry, and in the phar¬ 
macology of plant constituents, should hnd this bul¬ 
letin useful. 

Maynard W. Quimby 



Vegetable Gums and Resins. A New Series of 
Flani Science Books^ VoL 

By F. N. Homs, Chronica Boianica Ca., Waltka7n, 

Mass.; Stechert-Hafner, New York. $5.00, xxii -j- 

188 pp.;m. 1949. 

The pages of this interesting and useful monograph 
are permeated with faint echoes of romance and ad¬ 
venture. To read of frankincense, myrrh, Chinese 
lacquers, and dammar is to be transported in time and 
space to a world far removed from the swift tempo 
and relentless pressure of modern life. The trade in 
gums and resins is as old as civilization itself, and the 
story is well worth the telling. Howes has assembled 
his material skillfully, so that a great deal of informa¬ 
tion about this ancient trade is compressed within a 
volume of modest dimensions. 

The book is divided into two parts: the first deals 
with the gums, and the second treats the resins and 
their derivatives. A brief discussion of the physical 
and chemical properties of the subject matter intro¬ 
duces each division of the book. The interests of the 
author are strictly botanical, and this is made abun¬ 
dantly clear by the very limited attention given to 
chemical and physiological aspects of the subject. The 
importance of each of the many commercial gums is 
discussed, with reference to its place in historical and 
modern trade practices. The distribution of the gum- 
yielding species is outlined, and the botanical char¬ 
acteristics of .these plants are described. A section is 
included on. the methods, employed in tapping the 
plants and, collecting the gums. This. is usually fol¬ 
lowed by.ya description "of the quality, factors which 
determine^'the various market grades and a. list of the 
ways in which the gums are utilized in industry, A 
similar procedure is folowed in the treatment of the 
r^ns. Helpful, indexes to scientific and common 
.,mifi,es of plants, and products referred to complete the 
volome. The monograph fils a useful place' in botan- 
'Iqal; llerature, A great 'deal of information has been 
'• gathered'toother from spattered sources and'here made 


readily accessible to the reader in simple and direct 
prose. Numerous line drawings of the vegetative and 
reproductive structures of the important species of 
resin and gum-producing plants enhance the attrac¬ 
tiveness of the book. Howes’ book will be particularly 
helpful to economic botanists, but its appeal is by no 
means restricted to those interested in this phase of 
the science. The many interesting facts and observa¬ 
tions contained ndthin its pages make it a useful refer¬ 
ence work for ail who have a professional interest in 
plants and their products. 

Donald B. Anderson 



The Native Forests or Cuyahoga County, Ohio. 
The Holden Arhoteiunij Bid!. No. L Set. Puh. Clme- 
land Mus. Nat. Hist. VoL IX. 

By Arthur B. Williams. Cleveland Museum of Natu¬ 
ral History^ Cleveland. $1.00 (paper). 90 pp.; ill, 
1949. 

This description of the probable composition and dis¬ 
tribution of the native forests of Cuyahoga County, 
Ohio, is based on the observations and historical re¬ 
searches of a botanist who has been actively engaged 
in the study of the native flora of this county for the 
past 18 years. The small northern Ohio county is of 
special ecological interest because of its environmental 
variability. Within its boundaries two great conti¬ 
nental physiographic provinces (The Appalachian Pla¬ 
teaus and the Central Lowlands) meet. This situation, 
coupled with a climate transitional between that of 
the east coast and the continental interior, has resulted 
in markedly diverse environmental backgrounds adapt¬ 
able to a number of different plant communities. Char¬ 
acteristically eastern, w-estern, northern, and southern 
plant associations are all represented in the area. Their 
present and probable presettlement status are discussed 
in some detail by the author. The bulletin is illus¬ 
trated with a number of good halftones depicting views 
of current examples of the various forest communities, 
plus individual relict trees of the originai forest which, 
during the past 150 years, have somehow escaped the 
woodsman’s axe. A check list of native and introduced 
trees, with special remarks about their natural distri¬ 
bution and local occurrence, is presented at the end 
of the discussion. With reference to the exotics, one 
misstatement occurs: Finns nigra is said to be ^^the 
dominant species in the ‘Black Forest* of Germany” 
whereas, in fact, it is of little or no importance in that 
area. 

Scott S, Pauley 



Better Douglas Fir Forests from Better Seed. 
AgmsH. Hmierson Research Fuhikations. 

By Leo A. isme.' Unimsiiy of Washington Fress^ 
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Seaitk. $ 1 . 00 . xii + 65 pp.; ill; two map enclo¬ 
sures. 1949. 

Consideration is given in this publication to tbe com¬ 
parative development in plantations of Douglas fir 
(Pseiidotsuga iaxifolia) grown from seeds from different 
geograpliic sources and representing strains or site races 
intluenced by rainfall, temperature, elevation, latitude, 
and various environmental factors. The results of the 
study give rise to recommendations for forest planting, 
namely, that the seed source and the planting site 
should be well matched with respect to the several 
environmental factors affecting tree growth. The ex¬ 
istence of site races and the adaptation of such strains 
to a rather narrow range of certain environmental con¬ 
ditions is proved by growing trees from seed from a 
number of different localities within the natural range 
of the species. Similar results were obtained both in 
this country and in Europe. Among suggested rules 
concerning seed procurement for reforestation with 
Douglas fir are limits as to the distance north or south 
of a planting site, limits of variation in elevation, sim¬ 
ilarity of mean temperature and frost-free periods, as 
well as indications of good health and suitable form of 
the seed trees. Superior natural strains of Douglas 
fir have been recognized which should be sought as 
seed sources within given areas. The superior strains 
will supply basic material for further genetic improve¬ 
ment through selection and hybridization. In the 
meantime, a system of seed certification is needed to 
promote development of the better strains for appro¬ 
priate sites and thus assure greater success in reforesta¬ 
tion. Evidently the standard of measurement for 
superior strains is rapidity of growth, coupled with 
desirable tree form and branching habits. A few lo¬ 
calities reported to yield superior strains are mentioned. 

Benson H. Paul 



Textbook of Wood Technology. Structure, Identi- 
jkatim, Defects, and Uses of the Commercial Woods of 
ike United States. Amer. Forestry Ser., VoL L 
By E. P. Brown, A. /. Fanshin and C. C, Forsaith. 
McGraw-Hill Book Co., New York, Toronto and Lon¬ 
don. $6.00. xxviii + 652 pp,; ill 1949. 

This volume is essentially a new edition of Commercial 
Timbers of the United States (1940), by Brown and 
PansMn. 'It is characterized by its ■ broad'scope, its 
keys, glossary, and the excellence of the photomicro¬ 
graphs. Significant changes in the new book are adop¬ 
tion of the International Code of Nomenclature, re¬ 
vision of the section dealing with the walls of xylary' 
ceils, addition of a third key to the identification of 
coniferous W'Ood$,'and a more extensive citation of lit¬ 
erature, 

' ' ' ' ' I.' W. Bailey ' ^ 


Diseases of Potatoes, Sugar Beet and Legumes, 
By IF. A. R. Dillon Weston; illustrated by Ann Mur¬ 
ray. Longmans, Green and Co., London, Nefiv York, 
and Toronto. 4s. (paper), viiiS6 pp.; ill 1948. 
This is a companion volume to two similar, popular 
booklets by the same author, viz., Diseases of Cereals 
and Diseases and Insect Pests of Vegetables. The im¬ 
portant diseases of potatoes, sugar beets, mangels, 
beans, peas, clover, and alfalfa occurring in Great 
Britain are described in a popular, readable, but au¬ 
thoritative st 3 de. Drawings by Ann Murray serve to 
illustrate the life history and symptoms of the diseases 
in a clear, interesting manner. Some 11 diseases of 
potatoes and 9 diseases of sugar beets are described, 
but only a few diseases of any of the legume crops are 
mentioned. The material presented should be useful 
to the cultivator in Great Britain. It is informative 
to the layman in any coimtr}", since many of the dis¬ 
eases described are common to agricultural areas of 
temperate climates. The features of most genera! in¬ 
terest are the sections devoted to the history of the 
potato and to a vivid account of the Irish potato fam¬ 
ine of 1845-46. The late blight disease, which de¬ 
stroyed the potato crop of Ireland in those years, still 
serves as the most classical example of the effect of 
plant disease epidemics on human welfare. 

J,. H. Martin 



GENERAL AND SYSTEMATIC ZOOLOGY 

Atlantic Reef Corals. A Handbook of the Common 
Reef and Shallow Water Corals of Bermuda, Florida, 
The West Indies and Brazil. 

By F. G. Walton Smith; photographs by Frederick M. 

Bayer. University of Miami Press, Miami. $3.75. 

112 pp. -f 41 plates; text ill. 1948. 

This attractive, readable handbook should prove ex¬ 
tremely useful to all those interested in corals, whether 
amateur collectors or professional students of marine 
life. A most impressive feature is the magnificent set 
of over 40 full-page photographic plates taken by 
Frederick Bayer of the United States National Museum; 
They undoubtedly constitute the most superb collection 
of photographs of corals ever published and will appeal 
fuUy as much to all lovers of design as to collectors and 
biologists. 

The text gives a clear and informative 'genera! ac¬ 
count of corals and coral reefs in non-technical language.' 
Included are competent although not extensive pres¬ 
entations of the vari'ous theories of coral reef and atol 
formation, the structure, habits, and life history of- 
corals, and methods of collection and preservation. , 

Each species is described both in technical and non¬ 
technical terms and its distribution giv^' as. to ''Ber¬ 
muda, Brazil, 'Florida, 'the'. West Indies, and the^ Ba¬ 
hamas. There are,' two' keys, one based! on the' .dea'd, 
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skeletons, and one, more teciinical, on both skeletal and 
other anatomical traits. There is a glossary and a 
bibliography. A future printing would be more useful 
with an index. 

Gairjdner B. Moment 



Sea Anemones and Corals of Beaufort, North 
Carolina. 

By Louise Randall Field. Duke University Press, 
Dmkam, North Carolina. $2.(X) (paper). 39 pp,; 
ill. 1949. 

Fourteen species of anthozoans (2 horny corals, 1 stony 
coral, 1 pennatulacean, 9 sea anemones, including 1 new 
species, and 1 cerianthariaii) collected at Beaufort are 
described and figured. 



A Textbook, of Entomology. 

By Eerhert H. Ross. John Wiley & Sons, New York; 

Chapman & Hall, London. $6.00. x -b 532 pp.; 

ill. 1948. 

The subject matter of entomology is rapidly growing 
away from the purely taxonomic approach which has 
been so common since the days of the classical textbooks 
of entomology. The title of this book is appropriate, 
but one should not expect to find the detailed system- 
atics of the older books or of some more recent but less 
modern volumes having a similar title. This book does 
not emphasize any one approach to the subject, such as 
the physiological, economic, public health, systematic 
ecological or morphological, but rather is an excellent 
endeavor to give and integrate the necessary points of 
all of them for the insects. The first chapter covers 
the history of entomology up to the present day; it is 
followed by a comparative account of the general struc¬ 
tures of the Arthropoda in the second chapter. The 
external and mternal anatomy of the insects in a gener¬ 
alized fashion are considered next (2 chapters). With 
this foundation it has been possible to consider sepa¬ 
rately in the chapter on Physiology the functions of the 
organs and tissues previously described. A phase of en¬ 
tomology nearly omitted in entomological curricula as 
well as in standard zoological courses in the subject 
(yet here considered) is embryology; even so, a biologist 
will feel that the treatment is too scanty. Experimen¬ 
tal methods are not touched upon. Orders of Insects, a 
taxonomic treatment, is the largest chapter in the book. 
The author^s, attempt to decT'Case the comparative- 
morphological and taxonomic aspects of the book has 
meant that only the larger taxonomic groups find a 
place; perhaps if this section were more detailed and set 
in smaller type, the student would not find it so,often 
necessary to refer to other textbooks or reference manu¬ 
als for the identification of insect .groups. Coverage of 
' insect paleontology occupies the ninth' chapter; this 


field is a nearly neglected one in modern entomology 
and the author is to be commended for bringing the field 
into greater prominence. Ecological Approaches to 
Entomology (Chapter 10) is followed by the last chap¬ 
ter, Control Considerations, which leaves the impression 
that this is the purpose for w'hich insects are studied. 
The book is the most rounded textbook on the subject 
published in recent years, but, like many college text¬ 
books, it is wTitten about a subject rather than of a 
subject. Experimental approaches to entomolog}', 
such as genetics, are not considered. Nevertheless, 
this book will be of indispensable value for college 
courses where a minimum of reference material is de¬ 
sired and a broad approach to the field of entomology is 
thought to be more important. 

\\\ Hovanttz 



Nearctic Helina Robineau-Desvoidy (Diptera, 
Muscidae). Bulletin Amer. Mus. Nat. Hist. VoL 94: 

Art. 3. 

By Fred M. Snyder. American Museum of Natural 
History, New York. 65 cents (paper). Pp. 107-160. 

1949. ’ 

A revision of the genus Helina of the Mydaeini, with a 
key and descriptions of 53 species, 11 of them new and 
1 renamed. 



CoLEOPTERES Sc.YRABEEDES De Vlndochlne. Premiere 
Pariie. Faime de VEmpire Franqais, Volume III. 

By Renaud Paulian. Libra irie Larose, Paris. 300 
fr. (paper), iv •+ 228 pp. -f 1 map; ill. 1945. 

This part of the currently appearing Fauna of ike 
French Empire deals with a portion of the scarabaeid 
beetles as they are knowm to occur in Indo-China. 
The author had for study the extensive collections of 
the French and British Museums. Keys for the identi¬ 
fication of the families, subfamilies, genera, and species 
are given, and some 20 new species are described. The 
iaparostict scarabs and the Dynastinae are covered in 
this volume; the Meloionthinae, Rutelinae, Cetoniinae, 
Lucanidae, and Passalidae are reserved for a second. 
The work is reasonabl}’' well illustrated, though the 
illustrations are of variable quality. The reviewer 
notes that Paulian has followed Schmidt’s erroneous 
concept of the genus Euparia. It is probable that he 
has not seen the type species of this genus, which lives 
associated with certain ants in our extreme south. 

Edward A. Chapin 



Poissons Exotiques et d’Aquariums. AUas des 
Poissons — Ease. IV. New Edition. 

By F. Angd. Editions N., Bouhie & Co., Paris. 
500 fr. 163 pp.' + 12 plates; text ill. 1949. 
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The hobby of keeping fishes in home aquaria grew 
greatly after the first World War. Since World War 
II it has become more popular than ever, not only in 
this country but also in Europe. The use of the small 
tropical fishes as laboratory animals in biological re¬ 
search has increased at the same time. The results 
of scientific experiments on aquarium fishes now appear 
regularly in foreign journals, as well as our own. Books 
describing the methods for maintaining fishes suitable 
for home or laboratory cultivation are keeping pace 
with the increased interest. 

In France, Fernand Angel, an honorary assistant 
of the Museum Nationale d’Histoire Naturelle, has 
contributed a volume to a series of popular books de¬ 
voted to fishes in general (Atlas des Poissons). The 
fourth section of the book covers the fundamental 
principles of aquarium management. The introductory 
sections review topics concerned with the kinds of water 
suitable for the aquarium, the role of temperature in 
the different requirements of the many species of plants 
and animals, and some elementary physiology of res¬ 
piration in fishes. The practical details of establishing 
a home aquarium are clearly stated, attention being 
given to shape and size of the aquarium, its location 
with reference to the source of illumination, bottom 
covering and the planting. Suggestions for proper 
management are outlined, especially those for feeding 
the fishes with dried and with living food. A useful, 
illustrated list of aquatic plants is given and their 
function explained. For those w^ho keep fishes in out¬ 
door ponds, some of the insect enemies of fishes are 
shown. The common diseases of aquarium fishes are 
described. The French adoption of the amateur^s 
name of one of them would amuse the American aquar- 
ist; it is “Le Shimmy3* 

The main body of the book describes the various 
species of fishes which have been kept in aquaria. 
Many of them are not suitable for the American home 
aquarium, being much too large and far too rare. But 
these rare forms, chiefly from French colonies in Africa, 
are probably available to European aqiiarists. The 
description of the various species is concise, clear, and 
diagnostic. The black and white illustrations, if not 
scientifically accurate, will certainly help the reader to 
identify the specimens. In addition to the black and 
white figures, the book contains 12 color plates in which 
60 species are painted in somewhat gaudy colors. 
Again, while these are not scientifically perfect, they 
do help to identify the species. Upon the whole, this 
book, slanted in the interests of the amateur, will be 
useful to French and European aquarists and to those 
in America who want to know^'what aquarium fishes are 
available in France. 

Myron Gordon 


OrNITHOLOGIE ALS BIOLOGISCHE WlSSENSCHAET. 28 
Beltrdge als Festschrift Ziim 60. Geburtstag von Ermn 
Stresemann {November 22, 1949). 

Edited by Ernst Mayr and Ernst Schiiz. Carl Wintery 
Heidelberg. DM 18. xiv 4- 291 pp. 1949. 

Erwin Stresemann of Berlin is generally acknowledged 
to be the greatest ornithologist of our times. Biolo¬ 
gists know him best for his great volume Aves in the 
Kiikenthal-Krumbach Haftdbuch der Zoologie, which is 
by far the most authoritative and complete summary 
of information about birds. But a veritable flood of 
lesser works has come from Stresemann^s pen, many of 
which have led ornithologists into new and rewarding 
paths or have served to link ornithology more closely 
with the other life sciences. Thus, his monograph on 
the birds of Celebes was largely responsible for the new 
ecological approach to the old science of zoogeography. 

This collection of 28 original papers by Stresemann’s 
students, friends, and admirers is a richly deserved 
tribute. Tw'enty-one of the papers are in German, 
6 in English, and 1 in French. They run the gamut 
from life history, psychology, anatomy, embryology, 
and evolution to the history of ornithology. A. H. 
Miller, for example, discusses some of the ecological 
and morphological problems involved in the evolution 
of major adaptations and higher categories. Otto 
Koehler writes of his interesting discoveries in avian 
behavior. Emil Witschi outlines the utiEzation of egg 
albumen by the developing fetus. In a most interesting 
paper Gustav Kramer tells of a cage ingeniously de- 
vised to permit Mm to observe the escape movements 
of night migrants. He found that their efforts are 
usually oriented in one particular direction, though 
tMs may not coincide with the direction of normal mi¬ 
gration. 

These titles suggest the scope and originality of the 
contributions to tMs jubilee volume. Just as Strese- 
mami’s accomplishments span all of modern ornithol¬ 
ogy, so, too, this book gives a cross section of current 
interests in tMs science and its significance to other 
fields. For tMs reason alone many general biologists 
and all ornithologists will find it of great value. 

Dean Amadon 

The Quails. 

By Edward S. Spandding; Ulustratei by Franois 
Jaques. The MacmiUan Co., Nm Y&rh $6.50. xiv 
+ 123 pp,; ill. 1949. 

The Quails has as its purpose the presentation of ac¬ 
counts, convenient for the sportsman, of the quails 
occurring in this country. TMs has been done ad¬ 
mirably. Each of the 7 species ,of quail'that occurs 
within our borders is discussed in a separate chapter, 
w^hich'presents its description, ■ mrige, fife,Mstory, and 
comments about hunting it. A general introductory 
chapter precedes these accounts, and' the book doses 
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mill chapters on transplanting aPxcl restocking quail 
ranges, and including Tancloni obsen^ations by the 
author. The iliustrations are an outstanding accom¬ 
paniment of the text, most of the quails discussed being 
represented by full-page color plates. In these the 
artist has caught the color and spirit of this intriguing 
and elusive group of birds. 

A unique feature of tlie book is a chart that presents 
in a simplified ]iianner the relationships of our quails 
to all those of the world. This is of particular interest 
because it proposes common names that might be use¬ 
ful to the sportsman for designating some of the generic 
groups of quails for which no common names have 
existed. 

The author has a remarkable ability to describe 
personal hunting experiences and ideas in simple yet 
powerful language, aSIoteworthy is the recurrent ex¬ 
pression of the theme that the greatest pleasure to be 
derived from hunting lies in mastery of this complex 
and difficult art, not in making large bags or in the kill¬ 
ing of quail itself. In addition to the sportsmen for 
whom this book was primarily intended, it is recom¬ 
mended to those who are interested in problems of 
game management. This recommendation is made 
not only because of the obvious features of the book 
but especially because of the ease with which the author 
expresses the feelings that still lead men to support 
and pursue the art of hunting in a society as complex 
as ours. 

JoHK Cushing 



Tropical Birds. From Flaies by John Gould. Bats- 
ford Colour Books. 

With m Introduction and Notes on the Plates by 

Saclmerell Siiwdl. B. T. Batsfordj London, Now 

York, Toronto, and Sydney. ^2.00. iv + 12 pp. 

4- 16 plates. 1948. 

John Gould was the nearest equivalent to Audubon 
in Great Britain and his first volume of bird paintings 
was' published in 1832, within a few years after Audu¬ 
bon’s first plates. Otherwise Audubon, the artist and 
naturalist, had not much in common with the ornithol- 
o^st and businessman Gould. Betw-een 1832 and 1881 
Gould completed 41 large folio volumes with no fewer' 
than 2999 hand-colored plates. This incredible output 
■was 'the result of collaboration between Gould, as 
author and publisher, and a group of artists Including 
' Mrs. Gould, Edward Lear, H. C. Richter, and William 
Hart, 

Pe'gmiibm m» esi disptdmdtmi — there are many 
■who prefer the natural simplicity of the Gould plates 
^ to. the elaborate body postures of most of, Audubon^s 
"'birds.;., Being the'Work of several artists, the Gould 
plat« are, somewhat unevfti^ in quality, but the best 
' arte'^among theTov^^t of; all bird portraits. Gould 
;'plat®.'have■ now'4easpae'and 'it will 


be appreciated by lovers of bird art that 16 of the most 
colorful bird plates, including 5 exquisite Australian 
parrots, are now available in excellent offset reprints. 
These are incomparably superior to the recently pub¬ 
lished reproductions of Audubon. The text comments 
by S. Sitwell are stilted and full of errors. 

Ernst Mayr 



The American Tilail Hound. 

By Fred Sireever. A. S. Barnes & Co., New York. 
$3.75. xviii + 202 pp.; ill 1948. 

American Sporting Dogs. 

Edited by Eugene V. Comiett; chapters by Gerald YL 
Livingston, Gladys F. Harriman, John Scofield, 
Robert McLean, Francis I. Squires, Arthur IE. 
Lindsey, Cheiwood Smith, Walter Roesler, Paid Bake- 
well, III, Prentice Talmage, David Wagstafi, Edward 
E. Carle, Lewis P. Gingery, Henry L. Ferguson, J. 
Go'idd Remick, Leon F. Whitney, Raymond Hoag- 
land, William F. Brown, Edward J. Lorlng, Murid 
IE. Jarvis, Theodore A. Rehm, D. B. Ruskin, and 
Thomas IE. Merritt; illusirated by Edwin Megargee. 
D. Van Nosirand Company, New York, Toronto, and 
London. $7.50. xiv 4 549 pp. 4 69 plates. 1948. 
The Dachshund or Teckel. i Complete Treatise on 
the History, Breeding, Training, Cate and Management 
—With Chapters on Diseases and Their Treatment. 
Second Edition. 

By Herbert C. Sanborn. Orange Judd Publishing 
Company, New York. $4.50. xxii 4 431 pp.; ill. 
1949. 

Such books as these are designed primarily for dog 
fanciers and the sporting fraternity. From a scientific 
point of view^ they may have two kinds of interest. 
There is usually an attempt to interpret basic scientific 
information to the lay public, and this may include 
facts relating chiefly to genetics and veterinary medicine 
but also to psychology and physiology. They may 
also include information which may be of use to scien¬ 
tists in indicating fundamental problems and possible 
experiments. For instance, geneticists may be inter¬ 
ested in the effects of selection and inbreeding which 
have produced the wide variety of domestic dogs, and 
students of animal behavior may find indications as to 
the number of behavior traits associated with different 
breeds 'which are apparently inborn and how much they 
may be affected by training. 

Streever’s book, The Amerkm Trail Hound, makes 
no scientific .pretensions' but gives the results of his 
practical experience in an entertaining, anecdotal style. 
He also gives several pedigrees of American hound 
strains which' might providc'useful scientific information 
about how much inbreeding was practiced' before the 
days of 'offidal'Tegistration. 

American Bporting Dogs, edited by Connett, ''has 2 
scientific' chapters. In one, Leon' F. WHtoey gives a 
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short summary on Mendelian heredity as it affects 
characteristics in the various sporting breeds. He also 
disposes of several of the common superstitions con¬ 
cerning animal breeding. This material is available 
in less condensed form in Whitney’s book How to Breed 
Dogs. There is, perhaps, a tendency to overemphasize 
simple one-factor Mendelian heredity, particularly 
since many of the cases are based on limited experi¬ 
mental evidence, and the possibility of multiple factor 
inheritance is barely mentioned, 

Lindsey gives a rather general discussion on the 
physiology of scent as it applies to hunting dogs but 
makes very little reference to scientific experiments 
on trailing. In his chapters on training and handling, 
Connett gives the impression that a good bird dog is 
made as well as born. The rest of the book is devoted 
to short chapters which include a brief history and the 
standard of physical form for each breed. 

Those with special breed interests may consult more 
detailed works such as Sanborn’s The Dachshund^ a 
revised edition of a book originally published in 1937. 
In his scientific chapters Sanborn gives an introduction 
to Mendelian heredity and attempts to apply this, as 
far as information was available at the time of publica¬ 
tion, to variability of form, coat, and color in the breed. 
This is a difficult task and again emphasizes how com¬ 
paratively little genetic work has been done on the 
most familiar but in some ways least known of domestic 
animals, the dog. In his chapter on disease Sanborn 
gives a detailed description of symptoms of common 
dog diseases, together with advice based on his own 
experience. He is probably not as hopeful regarding 
the control of distemper as recent veterinary results 
would permit. For the rest, the book gives an excellent 
and scholarly history of the breed and its standards, 
as well as several pedigrees which indicate the t 3 ^e of 
breeding plan normally used. It wmuld appear that 
dachshunds, as a general type of hunting dog, have 
a verifiable history as far back as the 16th Century, 
but that the first breed standard w^as not set up until 
1879. 

J. P. Scott 



Drawing at the Zoo. % 

By Raymond Sheppard, ■ 

How TO Draw Farm' Animals. 

By C. F. Tmnidvffe, The SMio FuhlicaiionSi 
iMndon & New''York 3s. or $1.00 each. 64 pp. 
each;'iU.: ,1949; 1947. 

These little books are so crammed with the superb 
drawings of two real masters of line and shadow in 
the rqiresentation of animal forms that very little 
space is left for' the valuable hints they have/to give. 
It scarcely' matters—the'biologist'will prize the mex- 
pensive books for their' unforgettable' pictures, mostly 
of mammals." '' ' ' 

BentubY''Glass■ ■■■ 


British Mosquitoes and Their Control. Third 
Edition, Brit. Mtis. Nat. Hist. — Eton. Series No.4A. 
Printed by order of ike Trustees of the British Museum 
by William Clowes and Sons, London and Beccles. 
6d. 27 pp. 1949. 

Faunal Relationships op Recent North Americ.4N 
Rodents. Misc, Pub. Mus. ZooL, Univ. Mich., No. 72. 
By Emmet T. Hooper. University of Michigan Press, 
Ann Arbor. 35 cents (paper), ii 28 pp. 1949. 



ECONOMIC ZOOLOGY 

./Introduction to Applied Entomology, Third Edi- 
' tion. 

By Willia^n J. Baerg. Burgess Publishing Co., Min¬ 
neapolis. $3.50 (paper), x + 191 pp.; ill 1948. 
The third edition has many improvements over the 
previous editions (2nd ed., Q.R.B., 18: 280). The iEus- 
trations are well prepared and clear in this lithographed 
type of printing. Like so many other publications 
covering this field it is written largely to meet the 
problems of the author’s students. In general, the work 
treats the economic pests on the basis of their taxonomic 
arrangement. It begins with an account of the phylum 
Arthropoda and then discusses the various classes be¬ 
ginning with the Arachnida. The accounts are very 
brief and entirely restricted to those forms that are 
injurious or in some measure beneficial to man. Under 
the insects there is a brief chapter on their structure, 
their general biology, and as in all such textbooks a 
summary of the financial losses due to their activities. 
No indication is given here as to tlie vital importance of 
insects in present-day agriculture. A rather MI ac¬ 
count is given of the new and modern insecticides, and 
a brief account of biological control is appended. The 
accounts of the various pests discussed are well pre¬ 
pared and directions for their control are outlined. 
Various references are given under each order, and there 
is a general bibliography (very brief and incomplete) 
at the beginning of the work. 

Robert Matheson 



Pests oe Farm Crops. Agrkultufdl S^ks. 

By J. H. Stapky. , Farmer & StochBreeder, iMndon; 
B. & F, N, Span, London. 21s. viii +'325 pp.'+' 
19 plates; text ill, 1949. 

TMs book on practical entomology, written by 'an 
advisory oflicer'.'m' eastern England, covers insects, 
nematodes, and other small animals that, attack growing 
crops. ,The major part of the work Is arranged by, 
taxonomy of the pest,'but the author,has an extended 
listing by crops and by p'arts' of the 'plant affected. He 
leans more h^vily than'most on' the maaipulation''Of 
environment as .a 'control measure.' Thisis a good 
practical treatise of'direct use'to the farmer., , . 

,,James G,''HO'Rst ALL' 
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ANIMAL GROWTH xlND DEVELOPMENT 

Mechanische GEKni'iRKUNGEN. FunMioHsentwick- 
lufig 1, 

By Erich Blechschmidt. Musterschtnidi KG. Wissen- 

sckafilicker Verlag, Gditmgen. DM 24.00. xii -}- 204 

pp.; ill 1948. 

A reader expecting to find information on genic action 
in tMs book will be disappointed. Genes are mentioned 
only occasionally and perfunctorily, and have no bear¬ 
ing on the author’s theory. The book actually 
deals with embrjmlogi^ and sets forth a theory of devel¬ 
opment which claims to solve a great many and ultim¬ 
ately all problems of morphogenesis. The theory is 
based exclusively on morphological observation of 
stained and fixed material from human embryos. The 
author intentionally uses only the morphological ap¬ 
proach to embryology and appeals for his procedure 
to the method of Wilhelm His, to whose memory the 
book is dedicated. He expressly rejects the experimental 
and the comparative approaches and all conclusions 
derived from them. It is curious to note, therefore, 
that “experimental” thinking is actually used occa- 
ionaily, e.g,, w^hen the author compares well and badly 
fixed preparations of lung primordia, in order to provide 
evidence for their actual state of hydration in vivo. 

The book makes hard reading mainly because of the 
author’s awkward style and a large number of typo¬ 
graphical errors. Particularly disturbing is the author’s 
tendency to use w’-ell-established technical terms, such 
as induction, determination, synapse, in a different 
meaning from those customary in biology. 

The book’s thesis, on the other hand, is fundamen¬ 
tally simple and plausible. The author points to the 
fact that embryonic epithelia have a different function 
from adult ones, since they always form membranes 
between an outer fluid on one side, such as the amniotic 
fluid or the liquid contents of internal organs, and the 
mesenchyma, with its more or less fluid ground sub¬ 
stance, on the other side. The epithelium controls the 
exchange of “submicroscopic particles,” particularly 
water molecules, between the two fluids. The epithelia 
(called “diathelia” in this connection) are therefore 
said to control a “diathelial metabolic field.” It is as¬ 
sumed that different epithelia are different in the 
amount and direction of their secretory activity. The 
water used for secretion to the outside is assumed to be 
removed from the underlying mesenchyma, which 
becomes in consequence relatively dehydrated, and 
appears as a denser connective tissue. Furthermore, 
the arrangement of different epithelia, and,their differ¬ 
ential activity gives rise to mechanical stresses, which 
are thought to be responsible for the arrangement of 
the mesenchyma in definite patterns' that finally lead 
to organ' formation. Morphogenesis is interpreted 
exciuavely in, terms of mechanical stresses arising 
through the activity of the epithelium. TMs principle 
% carried through for a, krge number of specific embryo- ■ 
' 'lo^cal ^processes, and'anatomical' facts like the arrange¬ 


ment of muscles in the limb and the particular arrange¬ 
ment of nerve fibers, both inside the central nervous 
system and in the periphery, are “explained” in this 
■way. Chemical factors are assumed to be active only 
in the primary phase, i.e., the “diathelial” field. 

WMle it is perfectly plausible to assume that the 
situations postulated in the theory do exist and that 
they may influence morphogenetic patterns, it appears 
unlikely that the wide generalization given to them by 
the author corresponds to the facts. Here, as. else¬ 
where, no definite conclusions can be drawn from 
miorphological description alone, and the experimental 
tests appear highly desirable. 

This review would be incomplete without calling 
attention to the large number of excellent illustrations. 
The microphotographs are very distinct, and well 
reproduced. In addition, there is a large number of 
clear diagrams, drawn in pen and ink, which may be well 
■worth the attention of students of anatomy and embryo¬ 
logy. 

Ernst Caspari 



Tjie Pre-egg Stage in Buller’s Mollymawk. Bio¬ 
logical Monographsj Number 2. 

By L. E. Richdale, 23 Skiho Street^ Km, Dunedin, 
SWJ, New Zealand. Otago Daily Times & Witness 
Newspapers Co., Dunedin. 10s. from agents; 7s 6d. 
from author direct (paper). 50 pp. + 8 plates; 
text ill. 1949. 

A 7-'week sojourn on the Snares Islands (south of 
Stewart Island, New Zealand) was made by the author 
and a friend to study the pre-egg laying behavior of 
BuHer’s moUymawk (a species of albatross), Diomedea 
btdleri. A total of 346 nests ■was observed and 161 
birds were banded. From these observations it was 
found that the males arrived at the islands on the 
average earlier than the females. The males awaited 
the arrival of the females, at which time coition oc¬ 
curred. Both sexes were frequently absent from the 
nest site until the day before the egg was laid, at wMch 
time the females returned, whereas the males did not 
return to the site until about a day after the egg laying. 
TMs is interpreted as indicating that two drives in¬ 
fluence the behavior of the male: a coitional urge that 
impels him to await the arrival of the females; an urge 
to absence at the time of egg-laying preparatory to 
taking Ms first turn on the egg. Although a MgMy 
spectacular precoitional ceremony occurs, the writer 
does not believe that the cycles of both males and 
females must be attuned, as the males are apparently 
always ready to participate. Intruder males often 
successfully force coition on females not their permanent 
mates. Territorial defense plays a minor role, as 
trespassing is not common. The writer is also con¬ 
vinced that among these birds recognition of each 
other’s sex is by sight rather than by any behavioral 
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attitudes such as those usually attributed to non- 
dimorphic species of birds. This valuable contribution, 
in addition to a list of cited references, is illustrated 
and has an index and some appendices. The latter 
describe in detail some of the more significant behavioral 
activities of the mollymawks. 

Henri C. Seibert 



Dying, Apparent-Death and Resuscitation. 

By S. JelUnek. A William Wood Book, The Williams 
and Wilkins Co.^ Baltimore, $3,50. viii + 263 
pp. 1947. 

It is strange that the literature of medical science, con¬ 
cerned as it is with the staying of death, has so little 
to say on the subject of death itself. This fascinating 
book is an attempt to remedy that deficiency. The 
work of a former professor of electrophysiologj^ at the 
University of Vienna, the book is the fruit of more 
than 40 years of study, observation, and experiment 
on death and apparent death. The author firmly 
believes that dying and death are far more complex 
than is often supposed, that death is not easy to diag¬ 
nose, and that thorough examination of newly “dead” 
bodies will not infrequently reveal signs of life that may 
be resuscitated. He feels that carelessness on the part 
of physicians in examining the dead has been respon¬ 
sible for many deaths that might have been prevented. 

Since the book is intended primarily for medical 
students and practitioners, a large part of it is devoted 
to a detailed study of the death-process in age, disease, 
and shock. One of the most interesting chapters deals 
with the role of psychic factors in the last moments of 
life. In this section also the author pleads for more 
frequent autopsies, in order that more may be learned 
about the immediate and decisive changes that end 
life. The second half of the book deals with the tech¬ 
niques of resuscitation. The author vigorously con¬ 
demns the popular life-saving methods as being lethal 
in themselves, and recommends instead methods which 
totally avoid compression of the chest. This portion 
of the book should be read by all who may be called 
upon to administer artificial respiration. 

Well-written and easy to read, the volume is richly 
illustrated with examples from the author^s owm ex¬ 
perience. Though the reasoning is occasionally im- 
ciitical, the pages are packed with important ideas and 
information. The book should not be missed by any 
student of medicine. 

Florence Moog 



ANIMAL MORPHOLOGY 
Le Mim^tisme Animal. 

By Robert Hardomn^ ' mth preface by Etienne Oeh- 
micken. Presses Unimrsiimres de FrancBt PariSi 280 
' fr. (paper). , 221 pp.,; ill 1946. 


Le Mimetisme; Colorations Ammcdes^ Dissimtdation 
des Formes et DSguisements, Ressemblances Mimetiques, 
Bibliothcque Scientifique. 

By Lucien Chopard. Payot, Paris. 930 fr. (paper). 

335 pp.; ill. 1949. 

The subject of mimicry, especially among the insects, 
is a fascinating one, possibly because there are no limits 
to the amount of imagination that is permissible. Any¬ 
one has the privilege of seeing resemblances wherever 
he may find them and of fashioning theories as to their 
importance in the economy of the so-called mimic. 
For centuries man has seen that certain animals re¬ 
semble more or less closely certain other animals, or 
parts of plants, or parts of their own enwonments. 
But as yet no explanation has been made as to how 
this has come about, and no theory has been proposed 
as to why it has come about that is acceptable to all 
students of the subject. 

Hardouin’s book appears to be a rather uncritical 
exposition of the classical approach to the subject. 
The author passes over most of the damaging objections 
that have been raised against the theories of mimetic 
coloration and form. It does not appear to be an 
important contribution to the subject, either pro or 
con. 

In the introduction to his treatise, Chopard first 
apologizes for the use of the term “mimicry.” He 
writes that of course the w’ord must not carry any 
idea of voluntary imitation but that it is more conveni¬ 
ent to talk of “mimicry” than of “special procrjptic 
resemblance.” 

The work is divided into two parts: in the first are 
the verifiable facts which have been recorded concerning 
homochromatism (concealing coloration) and homo- 
typism (concealing form). The first of these often 
occurs alone, while the second is usual!}' combined with 
the first. The second part of the work deals with the 
pertinent experiments which have been performed and 
the interpretation of the results of these experiments. 
It is here that complete agreement among. workers 
cannot be reached. 

In the Conclusion, Chopard brings out into the 
open the main objections that have been raised against 
the whole theory of mimicry. The most important 
of these objections is based on tlie fact that resemblance 
lies in the eye and brain of the observer. We have 
no assurance that an insect appears the same to a bird 
as it does to us. Since roan is not ^the natural enemy 
of the insects and birds are, this is important. We do 
know from experimentation that certain birds do not 
see dark red, Hue, or violet. 'There may be .other 
and more important' differences between human'and" 
avian vision that we know nothing about. Some 
cases of “mimicry” are carried to the wth degree.' For 
argument, let us' admit that an insect is benefited by 
'resembling a,leaf, provided the insect sits on the right 
twig of the right .plant. 'Can there 'be' any added 
advantage in the. insecFs' resem'bling a leaf partially 
eaten by a caterpillar and also attacked by fungus? 
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There are times when xMatnre seems to play practi¬ 
cal jokes. 

Edwam) a. Chapin 



A Concise Laboeatory ]M.antjal and Atlas bob 
C oMPARATR^ Anatomy. 

By ME 3. Atwood. The C. V. Moshy Co., St. Louis. 

$2.75 (paper). 114 pp. 4* 39 plates; test ill. 1949. 
This manual prescribes and directs the routine labora¬ 
tory work of an undergraduate course in comparative 
anatomy. It covers 5 forms: amphiosus, shark, nec- 
tiirus, bullfrog, and cat. The text, in which structures 
to be studied are underlined, is preceded by both sys¬ 
tematic and type stud}^ tables of contents. The 38 
full-page plates in the back are perforated to permit 
removal. It is a pknographed, sew^ed, paper-bound 
octavo, well constructed throughout. The general ap¬ 
pearance, particularly in the design and drawing of the 
plates, should encourage the student to neat, careful 
WDrk. It should be v&ry useful in its field. 

F. N. Low 



Practical Anatomy or the Dogfish, Necturus, 
AND Cat. 

By George C. Kent, Jr. C. Broion Ca., Dubuque, 
la. $3.00 (paper), iii + 84 pp.; ill. 1948. 

A careful series of directions for the study and dissec¬ 
tion of the forms named in the title is given, along with 
a running commentary of relevant material. The 37 
clear and fully labeled figures increase the value of the 
work. 

John A. Cameron 



Laboratory Anatomy of the Cat. Third Edition. 
By Ermst S. Booth; illustrated by Carl Fetterson. 
IMw. C. Brown ^ Co., Duhiqm,Aa. $1.75 (paper). 
S7pp.;ill 1948. 

This textbook of cat anatomy in special binding in¬ 
cludes 61 excellent drawings all fully labeled and many 
full page charts, summarizing important information. 
The type is large and white space has been used effec¬ 
tively. The double-page folded diagram of the an¬ 
terior spinal nerves is a notable feature. 

, , , John A. Cameron 



Ti-ie Dissection' of the Cat. A Laboraiory Manual. 

' By Btuce M. Earrism. The C. V. Mosby Co., St 
Afsuis, $3,56.'409 pp.; ill' 1948.. , 

'This ,is, an ambitious textbook and d.issectioii ^guide 
with, many', fine illustrations, on separate perforated 


pages. No labels are supplied, but label lines indicate 
the important loci to be considered and labeled by the 
student. There is a reference list of 55 titles and a 7- 
page section of Definitions of Terms. 

John A. Cameron 



Atlas and Dissection Guide for the Study of the 
Anatomy of Domestic Animals. Second Edition. 
By E. L. Foust and R. Getty. The Iowa State College 
Press, Ames. $2.50 (paper). 84 pp.; ill. 1947. 
Beautiful plates of dissections of the horse, co'w, pig, 
dog, chicken, and cat, with a key to each plate on the 
opposite page. Semi-schematic drawings of cross-sec¬ 
tions at critical levels are included. Four chapters on 
the dissection of the dog follow the atlas, and each 
chapter has a useful list of references. The pages are 
not numbered, and there is neither index nor table of 
contents. 

John A. Cameron 



Anatomy and Physiology for Students of Physio¬ 
therapy, Occupational Therapy and Gymnastics. 
Second Edition. 

By C. F. F. Smout and R. J. S. McDowall. The 
Williams & Wilkins Co., Baltimore. $8.00. vii + 
470 pp.; Hi. 1948. 

This textbook is designed for students of massage and 
medical gymnastics. It has been painstakingly pre¬ 
pared, and contains many original and excellent illus¬ 
trations. It is well indexed, and contains the usual 
glossar>n The chapters on Anatomy were prepared 
by the first author, who is Assistant Professor of Anat¬ 
omy at the University of Birmingham, while McDowall 
of the Department of Physiology at the University of 
London prepared the part on Physiology. There are 
very few errors of fact of any consequence, and the 
method of presentation makes it highly suitable for 
those students for whom it w^as intended. 

David B. Tyler 



Anatomy and Construction of the Human Figure. 
By Charles Earl Bradbury. McGraw-Eill Book Co., 
New York, Toronto, and London. $7.50, x + 198 

pp.;m. 1949. 

This is a,guidebook for painters and sculptors of the 
human figure. It provides soxmd, selected information 
on the form and function of bones and muscles in so 
far as’ they affect the proportions and, detailed appear¬ 
ance of the outer 'body of the adult man and woman. 
Having been written and illustrated by an accomplished 
portrait painter and experienced, teacher of art, speck! 
emphasis k, placed on,,'the principles of reproducing the 



NEW BIOLOGICAL BOOKS 


343 


essential features as structural entities at rest or in 
action. The young art student is supplied with much 
good advice on minor technical matters, especially on 
how to proceed in drawing what he observes with ana¬ 
tomical understanding of underlying structures. Of 
greatest aid are the many pencil or charcoal drawings 
and beautifully plastic, colored illustrations which gen¬ 
erously supplement the text. Secondary sex differences 
are fully dealt with, in so far as they concern the artist, 
though at times in a rather dogmatic manner. Age 
differences, however, are unfortunately hardly men¬ 
tioned. 

Among the many books on human anatomy for art¬ 
ists, at least in the English language, this is an out¬ 
standingly useful, authoritative, and beautiful one. 
Anatomical terminology has been held to an unavoid¬ 
able minimum and defined in an adequate glossary. 
The book and its profuse illustrations are excellently 
printed, except that the color of muscles and tendons 
in some of the plates resembles more that of decom¬ 
posing than that of fresh tissue. 

A. H. Schultz 



Histopathology of the Teeth and their Surround¬ 
ing Structures. Third Edition. 

By Rudolf Kronfeld. Revised mid edited by Paul E. 

Boyle. Lea and FeUgerj Philadelphia. $8.00. 514 

pp.; ill. 1949. 

The format of this textbook by the late Dr. Kronfeld 
has undergone little change in the present edition. The 
number and order of the chapters remain the same. 
There are more illustrations, which now consist mostly 
of good quality photographs of both gross and histo¬ 
logic specimens. There are a few graphs, tables, and 
line drawings. A bibliography, emphasizing works in 
English but including some foreign language publica¬ 
tions, closes each chapter. 

Kronfeld’s original purpose, ^To illustrate by means 
of human specimens the actual tissue changes that 
correspond to certain well-defined clinical conditions,” 
is accomplished well and still describes the book ade¬ 
quately. The normal histology and physiology of den¬ 
tal tissues are not included. Most of the book deals 
with topics of interest primarily to dental and oral 
pathologists. But there are some sections of more 
general appeal, notable among them the chapter on 
dental caries, rewritten by N. B. Williams. This dis¬ 
ease progresses by decalcification of the teeth in lo¬ 
calized areas which are exposed to acids formed by 
bacteria of the genus Ladohacillus. Numerous factors 
are now recognized to affect its incidence. Its absence 
among natives whose diet is uncivilized contrasts 
markedly with its frequency in groups subristing on 
food prepared by modem methods. Among natives 
otherwise free, of the disease' its' incidence is correlated 
with the accessibility of ■ dvillzed food. ■ The concentra¬ 


tion of fiuoride in drinking water is now understood to 
be a significant factor. In areas 'where the communal 
water supply contains more than 1.4 parts per million 
of fluoride the incidence of dental caries is only about 
one quarter as great as in areas with less than 0.5 p.p.m. 
Experimental studies involving the addition of fluoride 
to drinking water are still in progress. The structural 
quality of the teeth, malhygiene, and certain constitu¬ 
tional states are also correlated with its incidence. The 
picture is that of a disease which cannot be certainly 
prevented in individual cases but the incidence of which, 
because of complex etiological factors, can be reduced 
by proper measures applied to the population at large. 
The edition under consideration has been brought up 
to date and is written in clear, readable style. It 
should continue to enjoy popularity in its field. 

F. N. Low 



Neurology. Fourth Edition. 

By Roy R. Grinker and Paid C. Bucy. Charles C. 
Thomosj Springfield, III. $12.50. x + 1138 pp.; 
ill. 1949. 

The fourth edition of Grinker’s Neurolog>q with Paul 
Bucy as coauthor, and judging from the introductory 
note, as the active editor, is an excellent presentation 
of the field of neurology. Beginning with the technic 
of examinations, there is an excellent review of neuro¬ 
anatomy and neuropathology’’, with every known syn¬ 
drome or neurologic disease presented extensively and! 
with quite adequate photographs or schematic draw¬ 
ings to illustrate the material. There is an extensive 
bibliography to complete the book. One finds little 
in the text concerning the psychosomatic and psycho¬ 
genic aspects of some neurologic syndromes. This is 
all the more unusual considering Grinker's well-known 
interest in these facts. The book shows painstaking 
care in the presentation of the material and can be 
looked upon as one of the better textbooks and refer¬ 
ence works on this subject. 

Wendell Muncie 



Greenes Manual of Pathology. Sevmiemih EdUimi. 
Remed by E. C. Vines. The Williams & WUMns 
Co., Baltimore. $8.00, viii + 12(XI pp.' + 12. 
plates; text ill. 1949. 

The reasons for the popularity abroad of the I7th edi¬ 
tion of this British textbook of pathology are apparent* 
It' is 'written with extraord'inary clarity, both' as to 
descriptions of lesions and discussions of pathogenesis, 
.and it contains' many weE-ch^osea' ilustra'tions.^ ''The 
material is complete for virtuaEy' every phase of, pa¬ 
thology; even subjecte'sometimes neglected by other 
pathologists, such as,' the lee'th,' malformations,' and 
parasitology, are 'mcluded*. : Furthermore,': many clini- 



344 


THE QUARTERLY REVIEW OF BIOLOGY 


cal correlations are given, witii excellent summaries of 
normal physiological findings. For instance, normal 
renal function and tests are adequately explained be¬ 
fore the clinical and pathological findings in renal fail¬ 
ure are described. In spite of its readability, the book 
possesses two serious faults which prevent its being an 
ideal textbook for American students. Discussions of 
pathological conditions are oversimplified by the fre¬ 
quent absence or coniiiciing opinions. Even such 
fundamental subjects as chronic passive congestion of 
the liver, jaundice, and infarction are handled in this 
dogmatic manner. This would be thwarting to stu¬ 
dents who wish to draw* their own conclusions from all 
the data available. Furthermore, there is no bibliog¬ 
raphy. Not a single reference is listed to enable the 
student to consult the literature for material of histori¬ 
cal importance, or to investigate controversial subjects. 
The approach is that used by the majority of textbooks 
of pathology today, i.e., a division into general patho¬ 
logical changes, followed ])y chapters on the specific 
diseases of each system. The terminology is British 
rather than American, but there are no more diiler- 
eaces in classification than one finds between 2 Ameri¬ 
can textbooks. In summary, although this is evidently 
a popular textbook in England, it can add but little 
to our already voluminous American collection of pa¬ 
thology textbooks. 

Ella H. Oppenheime-r 



ANIMAL PHYSIOLOGY 

Laboeatopy IManual for Vertebrate Physiology. 
By Donald M. Pace and Carl C. Riedesel. Drawings 
hy Norma S, Pace, Burgess Publishing Co., Mm- 
neapolis. $3.25. viii 4- 227 pp. 1947. 

This laborator}" manual contains some 51 exercises in 
vertebrate physiolog}*, including 15 nerve muscle ex¬ 
periments, 5 on the special senses, 17 on blood and 
circulation, 4 on respiration, 7 on nutrition, digestion, 
and absorption, and 1 on the endocrines (effect of in¬ 
sulin). Most of the experiments are designed for use 
of the frog or turtle, others for observations on man, 
and a few for the rabbit or dog. 

David E. Tyler 



Some Aspects op Red Cell Prodtjctiok axd De¬ 
struction. Ann, N, F, Acad. 5d., Vol 4^, Art. 7. 

By ErkPond'eTj WilUam 3. Casile^ Harry A. Charip-- 
per, William Dameshek^ Albert S. Gordon, S. Granick, 
and F. S. Robscheit-Rohbms. The Neu» York Acad¬ 
emy of Scimces, Nm York, $2.00 (paper). Pp. 
577 '-' 7'04 4* 3 plates;'text ill 1947. 

This paper-bound pamplet contains a series of 6 papers 
resulting from a Conference on Red Cell Production 
and' Destruction held by the Section of 'Biology of The 


New York Academy of Sciences on April 19 and 20, 
1946. The articles cover the cytochemistry and ar¬ 
chitecture of the red cell (Ponder), the influence of the 
endocrine system on hemopoiesis (Gordon and Charip- 
per), the effects of experimental hemorrhage on hemo¬ 
globin and red cell production (Robscheit-Robbins), 
the relationship of iron and porphyrin metabolism to 
erythrocytes (Granick), the etiology of macrocytic ane¬ 
mias (Castle), and hemolytic mechanisms (Dameshek). 
In keeping with the quality of the publications of the 
New York Academ}" of Sciences, this book is carefuEy 
printed and well assembled. Dealing as it does with 
the minutiae of one of the most exhaustively investi¬ 
gated cells of the animal body, it is suited primarily to 
the specialist’s library. The papers are weE WTitten 
by competent authorities, but tbeir scope is so restricted 
that their reading is bound to be uphill wmrk for the 
general biologist. 

F. N. Low 



The Renal Origin of Hypertension. A Monograph 
in American Lectures in Pathology. American Lecture 
Series, Publicaiion Number 14. 

By Harry Goldblatt. Charles C. Thomas, Springfield, 

ni. $2.75. viii 4 126 pp.; EL 1948. 

Goldblatt, one of the better known students of this 
subject, has prepared an excellent little monograph in 
w'hich 20 years of experimentation are summarized and 
discussed. The book is essentially designed for those 
whose interest is not sufficiently specialized or wffio do 
not have enough time to search out and read the orig¬ 
inal articles in this field. The monograph is readable 
and should prove of value to teachers of physiolog>" in 
preparing lectures on a subject in which they may have 
little or no personal experience. 

The following topics are included: methods of pro¬ 
ducing experimental renal hypertension; the effects of 
various experimental procedures, such as moderate and 
great constriction of one or both main arteries of the 
kidneys; the pathological changes that occur in various 
organs of animals showing persistent hypertension; the 
various mechanisms in the development of experimental 
renal hj’pertension; renin, hypertensinogen, h>per- 
tensin, and hypertensinase; the mechanism and site 
of formation and release of renin; the juxtaglomerular 
apparatus; the treatment of hypertension and a dis¬ 
cussion of the similarities and differences between hu¬ 
man, essential, and experimental renal hypertension. 
This is a short but excellent monograph that can be 
read easily in an evening by students of medicine. ^ 

David B. Tyixr 



The Physiology of the Eye. 

By Hugh Davsm, with a foreword by Sir Slewari 
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Duke-Elder. The Blahistoyi Co.^Philadelphia. $7.50. 

xii + 451 pp.; ill. 1949. 

There are in the field of vision excellent comprehensive 
handbooks by Duke*Elder and Helmholtz and many 
highly specialized monographs by Eartley, Granit, Pol¬ 
yak, Willmer, and others. It is difficult, however, to 
find well-balanced texts at an intermediate level Dav- 
son’s book is a welcome addition to the literature, since 
it is specifically designed as a general textbook for 
medical students, opticians, and ph 3 'siologists. The 
contents of this volume are divided into 5 sections 
dealing respectively with intraocular dynamics and the 
transparent tissues (61 pp.); the mechanism of vision— 
photochemistry, flicker, acuity, adaptation, and the like 
(115 pp.); muscular mechanisms (75 pp.); visual per¬ 
ception—depth perception, dominance, rivalry, central 
pathways of the visual system (68 pp.); and optics 
(116 pp.). The weakest section seems to be the one 
which deals with visual perception. 

Visual scientists will find much to complain about 
in this book because it is possible to compress the 
enormous literature on vision into a small text only 
by eliminating much interesting material and greatly 
condensing the rest. Considering the difficulty of writ¬ 
ing a small book in this field, this is well done. It 
discusses a large number of topics in a competent way, 
and it should provide the student with a reasonabh" 
thorough and well-rounded introduction to the field. 

A. CHAPAisns 



Biological Action.s of Sex Hormones. Second Edi¬ 
tion. Entirely revised and reset. 

By Harold Burrows. Cambridge University Press, 

London and New York. $8.50. xiii -f 615 pp. 

1949. 

This book is a new edition of a work originally pub¬ 
lished in 1945 (cf. Q.R.B., 2.1: 299), which has since 
been widely known and used by students and workers 
in the field as a source book and general reference. 
The present edition follows closely the form of the 
original, although now greatl)^ enlarged to cope with 
an enormous increase in the literature. The book is 
compactly organized into 6 major sections, as follows: 
the gonadotrophins; the gonad hormones—general as¬ 
pects and relations; the androgens; the estrogens; the 
progestins; and the sex hormones of the adrenal cortex. 
The treatment of this immense area comprises not only 
the activities of the multiplicity of “sex hormones" in 
the physiology of the adult organism and in the de¬ 
velopment of the reproductive oi*gans and functions; 
it deals also to a considerable extent with their complex 
interrelations with other endocrine glands and func¬ 
tions, in particular the pituitary and the adrenal. Each, 
main section is further classified around numerous topics 
and subtopics.' This breakdown has been carried out 


in considerable detail and contributes greatty to the 
usefulness of the book for general reference. The point 
of view throughout, however, is essentially that of the 
physiologist; the already very large literature on the 
experimental analysis of sex differentiation in all its 
various aspects is widely scattered among many sec¬ 
tions and nowhere receives unity of treatment. As in 
in the first edition, considerable attention is given to 
the field of cancer research where hormones are in¬ 
volved. 

In execution this plan has produced a well classified 
compendium of information. The principal data are 
assembled and set down concisely, and on the whole 
clearly, at least within, limits imposed by the extreme 
brevity of treatment. There is welcome assistance to 
the reader in the form of numerous charts and tabula¬ 
tions. But there is loo little attempt at evaluation of 
methods or data, and conclusions are reported for the 
most part in the form in which they are set forth in 
the original sources. In so comprehensive a field, it 
is of course impossible to report everjrihing—some 
selection there must be; but there is sometimes room 
to question how much of what appears is attributable 
to selection and how much to the limits of one man’s 
reading capacity. 

This observation leads directly to the chief criticism 
which must be made. It is disappointing to find that 
the outstanding fault of the first edition—serious gaps 
in coverage—appears again in the present volume. 
Various important topics, tire earlier history of which 
is developed, seem to have been passed over almost 
entirely so far as the literature since 1940 is concerned. 
Cases in point are the role of hormones in tJie control 
of sex differentiation, especially in mammalian em¬ 
bryos, and the very important effects of castration, 
both in the prenatal and postnatal periods of develop¬ 
ment. Again, in the section on the adrenal cortex the 
usual emphasis is placed on sex dimorphisms, in par¬ 
ticular the sexual significance of the x-zone of the 
mouse’s adrenal. The author, however, seems unaware 
of much recent work which has failed to produce any 
evidence of androgenic activity in this tissue. Publi¬ 
cation at the verj'^ end of the war obviously accounted 
for many such omissions in the first edition, because of 
difficulties of access and communication, but these de¬ 
ficiencies should by now have been largely removed. 

The new volume is durably and attractively bound 
and printed on a superior quality of paf.)er. It has^a 
well classified topical index and an enormous bibliog¬ 
raphy running to 35 closely printed pages. These 
features, together with the synoptic plan of organiza¬ 
tion, make the work convenient to use and' extremely 
valuable as an introduction into a complcated field of 
investigation. 

Robert K. Butrns 



346 


THE QUARTERLY REVIEW OF BIOLOGY 


Essentials or Gynecologic Endocrinology With 
Sectims on the Male. 

By Gardner M. Riley. Caduceus Fressj Ann Arbor. 

$3.00 (paper), x + 205 pp. 4-1 plate; text ill. 1948. 
TMs book offers an excellent synopsis of the basic facts 
of endocrinolog)’’, applied to the diagnosis and treat¬ 
ment of diseases of the female sex organs. In selecting 
these basic facts the author has drawn mostly on well- 
documented clinical material. He seeks to give a pic¬ 
ture of human endocrinolog>^ rather than to describe 
the findings made on laboratory animals. It is a book 
for the physician rather than the biologist. One 
minor flaw in this excellent piece of work is the insuffi¬ 
cient discussion of terminology in the chapter on the 
chemistry of the sex hormones. Alpha and beta struc¬ 
tural configurations of the steroids are mentioned, hut 
without further explanation these terms mean little if 
anything to the average medical reader. The illustra¬ 
tions are well chosen, and in spite of their excellent 
reproduction the price of the book is very reasonable. 
The book is recommended highly to students and prac¬ 
titioners of medicine. It should be on the shelf of every 
practicing g 3 mecoiogist. 

W. Fleischmann ^ 



CoOTKCBtrcidN DEL CoEEiciEOTE Citol6gico a la Fi- 
isologia y Patologia de la CotrelacUn HipofisotiroUea. 
By Estanislao Del Conte. Libreria y Editorial d 
Aieneo^ Buenos Aires. $(Arg.)22.00. 87 pp. -f 16 
plates; text ill 1949, 

This is a very good monograph on the bioassay of the 
pituitary thyrotropMc hormone in the blood. The test 
object is the epithelium of the thyroid gland of the 
guinea pig. The test is very sensitive. The excess of 
thyxotrophic hormone in the blood of patients suffering 
from some forms of toxic goiter could be clearly demon¬ 
strated by this method. The histological technique is 
discussed in detail, with good illustrations. An excel¬ 
lent bibliography is included in this book, which can be 
recommended to specialists in the biological assay 
of hormones. 

W. Fleischmann 



ElEMENtARY ANESTHESIA, 

-By W* W. Kmp. The Williams WiiMns C<?., Bd- 

timare. '$5M. xii + 289 pp.; ill 1948, 

The author introduces the subject of elementary anes*-' 
th'Cm with an excellent historical Tesum6. In the fol¬ 
lowing chapters the pharmacodynamic and physiologi¬ 
cal considerations are discussed in a limited manner. 
The' barbiturates, analeptic drugs, 'and curare are 
treated 'in so far as their place in 'anesthesia is, conceaned. ■ 
The main portion cff^the text'treats In a 'general manner,. 
the techniques of ,an«the^olqgy« Among these' are in¬ 


cluded endotracheal anesthesia, anesthesia adapted to 
the patient’s handicaps, anesthesia for thoracic sur¬ 
gery, and spinal anesthesia. Of special interest is the 
chapter on anesthesia for non-surgical conditions, W'hich 
include such cases as acute barbiturate poisoning, 
sprained ankle, painful shoulder, and others. 

The author has attempted to include in a compara¬ 
tively small volume the entire field of practical anes- 
thesiolog>\ Of necessity it has been covered in a super¬ 
ficial manner. The diagrams and illustrations in the 
book are of special help in explaining the text. The 
style of the author is clear and concise, and this book 
should be very helpful to those who wish to review 
rapidly the field of general anesthesia. 

John C. Krantz, Jr. 



Textbook oe Anesthetics. Sefoenth Edition. 

By R. J. Mimiitt and John Gillies. The Williams & 

Wilkins Co.j Baltimore. $8.00. viii -}- 568 pp.; ill. 

1948. 

The textbook of Minnitt and Gillies has now passed 
through 7 editions. This bespeaks the value of this 
compendium on anesthesia to the practicing anesthesi¬ 
ologist. In the seventh edition the general arrange¬ 
ment of the subject matter which appeared in the pre¬ 
vious editions has been maintained. Newer subjects 
which have made their advent in the field of anesthesia, 
such as curare, and the new techniques in the adminis¬ 
tration of spinal anesthesia have been included. The 
authors ha^x included a large number of cuts depicting 
new devices wffiich have been developed for the anes¬ 
thesiologist. The new-er t^pes of gas bags and anes¬ 
thetic machines are shoTO. Of special interest is the 
chapter on the choice of an anesthetic. In this the 
authors consider patients with various diseases and 
suggest the best choice of an anesthetic under the par¬ 
ticular conditions. On the whole, the book is tvell 
written and is recommended as a general and rather 
comprehensive treatise on the practical aspects of 
anesthesiology, containing sufficient pharmacologic 
background to warrant the consideration of the modern 
anesthesiologist. 

John C. Krantz, Jr. 



/Industrial Toxicology, Second Edition Reeked md 
' Enlarged. 

By Alice Hamilton and HarrM L. Hardy. Raul B. 
Hoebefj Medicd Book Department of Harper & Broth- 
erSf New York. $7,50. x -f 574 pp. 1949. 

, Mention is made in the preface of, this second edition 
of the enormous expansion in the number of solvents, 
metals, 'and radio-active substances encountered in in- 
. 'dustry since ffie, first edition appeared in 1934. For 
example, an en&e chapter in the present volume is"de- 
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voted to beryllium poisoning. Rapid developments 
in synthetic organic chemistry are constantly modifying 
industrial processes and consequently changing the 
toxicology picture. 

There are 28 chapters in the book. Most of the 
common industrial metals are considered from the toxi¬ 
cological standpoint. One chapter is devoted to the 
asphyxiants, carbon monoxide, carbon dioxide, the 
cyanides, and hydrogen sulfide. The aromatic organic 
chemicals, including the volatile solvents, are discussed 
in 4 chapters. The remaining 10 chapters deal mth 
the aliphatic series; chlorinated and brominated hydro¬ 
carbons; carbon disulfide; turpentine and tobacco; 
synthetic rubber; oil folliculitis; occupational cancer of 
the skin, lung, and bladder (3 chapters); radiant energy 
and stilbestroL The material in each chapter could 
be made more useful to the reader by arranging the 
data under headings or captions, e.g., local effects, 
effects on the central nervous system, effects on liver 
and kidney, etc. Following such a schema the infor¬ 
mation would be more quickly available and more 
easiljr correlated. In addition, the authors might have 
evaluated the data from the literature more completely 
and have expressed opinions. 

Only a page and a half are devoted to the rather im¬ 
portant toxic insecticide, DDT, and the index reference 
to it is incorrect. The bibliography contains 1300 
references. The volume appears adequate and will 
probably be useful to industrial hygienists, toxicolo¬ 
gists, and those concerned witli health hazards in 
industry. 

C. jELLEFr Carr 



Industrial Toxicology. 

By Lawrence T, FairhdL The Williams & Wilkins 

Co.j Baltimore, $6.00. xii + 483 pp. 1949. 

The author is Scientist Director of the Chief of the In¬ 
dustrial Hygiene Laboratory, U. S. Public Health 
Service. Rather than present the toxic effects of a 
substance as a series of case reports, he has attempted 
an appraisal and interpretation of the literature on each 
compound. As suggested in the Preface, this approach 
serves to give the industrial hygienist an evaluation of 
toxicity without having to digest a great volume of 
literature or to seek out many obscure publications. A 
short list of recent and more pertinent subject references 
is given at the end of each discussion. 

As the physiologic response to a compound depends 
in large measure upon its physical and chemical charac¬ 
teristics, such as volatility, solubility, etc., these data 
have been included for each substance. Thus the oc¬ 
cupational hazard may^be more effectively evaluated 
by ,the reader. A''novel'feature/ of the text is the 
attempt, to,gather'from governmental and other sources 
theextent of the production'and:Use of a given.materiaL' 
The substances are arranged alphabetically in each 'part. 


Part I includes 7l inorganic substances. Part II in¬ 
cludes 134 organic compounds. The introduction in¬ 
cludes a brief yet comprehensive discussion of the 
relationship between chemical constitution and physio¬ 
logic response and experimental toxicologjn 
The volume is well printed, attractively bound, and 
appears to be relatively free from typographical errors. 
The index is ver}^ complete. This is an excellent refer¬ 
ence work, and the reviewer recommends the volume 
to toxicologists, pharmacologists, and those charged 
with the responsibility of worker protection in industr}?. 
The very complete coverage, with references, of analyti¬ 
cal methods for each substance will appeal to iaboratoi}^ 
workers especially. 

C. Jellerr Carr 



BIOPHYSICS 

Neutron Errects on Animals. 

By the Staff of the Biochemical Research Foundationf 
Dr. FMice McDonald^ Director. The Williams & 
Wilkins Co., Baltimore. $3.00. viii -f* 198 pp.; ill. 

1947. 

This is a report of the various studies made by members 
of the Biochemical Research Foundation on the effects 
of fast neutrons produced by a cyclotron. The median 
lethal dose for rats was found to be between 60 n and 
120 n in single exposures. Male rats exposed to 10 n 
per day for a total of 120 n all died within 60 days, 
whereas females survived in a few instances. Repeated 
doses of 1.8 n (6 times per week) reduced the rate of 
growth and increased the incidence of tumors, but 3 
doses per week had no marked changes in the blood 
up to 9 montlis. In the more acute experiments, a 
lowering of the leukocyte and erythrocyte count was 
generally found with exposures above 17 n. Other stu¬ 
dies involved physiological, chemical, and histological 
changes in the tissues of rats following neutron ex¬ 
posures. The changes noted were qualitatively similar 
to those of roentgen irradiation. Certain effects of 
neutrons on dogs, rabbits, and other organisms have 
also been reported in this book. 

Titus C. Evans 



Trillnear Chart or Nucxear Species. 

By William S. StdUmn; art work by Kay Bmscoter. 
John Wiley & Smsy Neio York; Chapman & Edl, 
London. $2.50 (paper). ^ Conrinuous ,10|4ttch-Hgh 
strip, 1949, 

This is a useful chart of some of the newer physical 
constants for nuclei; mdeed, it has comprised" into it 
an amazing amount of detail about recent values'; of 
■various natural, and artificially produced'elem^ts. It' 
is unfortunate to note that m,tny of 'the' vain® for the 
half-lives of radioactive isotopes are not prints l^bhr. 
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Aside from tMsj the chart will undoubtedly have con¬ 
siderable appeal for workers in radioactive isotope 
chemistiy- 

L. J. Mullins 



BIOCHEMISTRY 

Chemistry and Uses or Insecticides. 

By E. R> de Ong. Reinkold Publishing Corp., New 
York. $6.00. viii + 345 pp.; ill. 1948. 

Technical books mirror the interests of the author or 
they would seldom be written. De Ong is a consulting 
entomologist. He has, therefore, prepared a compila¬ 
tion of very useful and practical facts for practicing en¬ 
tomologists. One of the reviewer’s functions is to learn 
whether the contents of a book agree with the title. 
The word “insecticide” means to De Ong a chemical 
to control pests of plants, animals, or man —weed killer, 
bactericide, fungicide, rodenticide, or insecticide. The 
new word “pesticide” is a better term for so inclusive 
a meaning. The organization of the book revolves pri¬ 
marily around specific compounds, w^hich are each 
described in terms of tonnage, manufacture, shipping, 
uses, and compatibility. Few structural formulae are 
given. De Ong’s book may be recommended to the 
practical trade. It is less useful to the farmer than 
Stapley’s book (reviewed on p. 339), more useful to those 
who advise farmers. 

James G. Horsfall 



Chemistry of Insecticides, Fungicides and Herbi- 
' ciDES. Second Edition, 

By Dmdd E. H. Frear. D. Van Nostrand Co.j To¬ 
ronto ^ New York, and London. $6.00. x + 417 pp.; 
m. 1948. 

During the six years which elapsed between the first 
and second editions of Frear’s useful book, new pesti¬ 
cides appeared with remarkable frequency. DDT and 
other chlorinated hydrocarbons revolutionized insecti¬ 
cides, and the hormone weed killers opened a wholly 
new field. Dithiocarbamates and glyoxalidines ap¬ 
peared as practical new fungicides. This is an excellent 
source book for chemical data on pesticides and the 
reactions involved in their manufacture. It is not a set 
of instructions for use nor does it contain very many 
biological data, although the book does indicate some 
reactions that may be iavolved in pestiddai action. It 
Would be of no interest to farmers, of little interest to 
advisors of farmers, but of considerable Interest to a 
host of biologists and chemists- ' 

James G. Horsfall 



Mode of Action of Organic Insecticides. 
Ch&nkd-Biohgud LoorimaMon Cmtor^ Rmim^ Num- 
'hw L ■ 


By Robert L. Metcalf, National Research Council, 

Washington, D. C. $1.CX) (paper). 84 pp. 1948. 
The biologist, like the chemist, employs reagents to 
study reactions. The chemist uses acids and bases, 
oxidizers and reducers. The biologist uses foods and 
poisons. He accelerates his organism on the one hand, 
discourages it on the other. 

The National Research Council through its Chemical- 
Biological Coordination Center is doing yeoman service 
for biologists in assembling the data on the relation of 
organic substances to biological action. As one of its 
activities, it is to publish reviews, Metcalf’s being the 
first. We hope that successors will live up to the 
quality of the first. 

Metcalf has not been content merely to describe the 
activity of insecticides. He has tried, meager as the 
data sometimes are, to discuss the dynamics of the 
process. He ably discusses the problems of the permea¬ 
tion of toxicants into insects. The reaction flasks of 
biologists are such organisms as cockroaches and 
Japanese beetles. Beyond that any similarity to 
chemists’ problems is purely coincidental. The chemist 
pours his reactants together in a beaker or flask and 
stirs them vigorously. The entomologist must put his 
reagent outside the Japanese beetle and hope for pene¬ 
tration. Moreover, he cannot stir the reactants to¬ 
gether. If he stirs up the mnards of a beetle, he has a 
beetle no longer. In short, a discussion of reagents in 
biology must involve problems of penetration into and 
permeation through the body of an organism. MetcaH 
does this. He discusses the molecular structure of 
organic insecticides in terms of “toxophores” and “con- 
ductophores,” in terms of the classical Overton-Meyer 
theory. For example, the bis (parachlorophenyl 
methane) moiety of DDT is apparently the toxophore 
and the trichloromethane moiety the conductophore. 
The latter assures penetration through the lipoid cuticle; 
the former assures death of the bug. 

Metcalf’s memoir is of interest almost exclusively to 
the frontier biologist. Those interested in biological 
systems and reagents for tbem must not miss this 
volume. 

James G. Horsfall 



Cation Exchange in Soils. .4. C. S, Monograph 
Number 109. 

By Wdter P, Kdley. Reinhold Publishing Corp., Neio 

York. $4.50. xvi + 144 pp.; ill. 1948. 

This work represents Kelley’s considered viewpoint on 
cation exchange in soils following many years of fruitful 
research. It therefore bears a strong stamp of his per¬ 
sonality, It is, however, much better balanced than 
any compilation of a single individual’s researches could 
possibly be, although it does not quite attain the cover¬ 
age implied by the title. The chief defect is the very 
scanty treatment accorded to soil organic matter. 
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The first chapter deals with the history of cation 
exchange. It is extremely weU written, and the author 
has been at great pains to achieve a connected narrative, 
not merely a series of abstracts. In Chapter 2, modem 
views on the nature of the materials involved in cation 
exchange in soils are developed, the organic matter, 
as noted above, being very briefly dismissed. The 
third chapter is devoted to cation exchange equations, 
and the fourth to principles of cation exchange. Many 
readers may prefer to take these in reverse order, since 
Chapter 4 contains much of the factual basis for the 
assumptions used in deriving the equations. The 
next chapters, on Exchange Capacity and Kind of 
Exchangeable Cation in Various Soil Types and The 
Determination of Exchangeable Cations, are of especial 
value, since much of Kelley^s research has been devoted 
to these topics. The chapter on Cation Exchange in 
Relation to Soil Properties is an outline rather than an 
extended treatment. The last chapter deals with the 
identification and estimation of the clay minerals, 
again in outline rather than in minute detail. X-ray 
and thermal methods are adequately discussed, but 
optical methods fare somewhat badly. In general, 
this work can be confidently recommended to all who 
seek to know more of the intricacies of cation exchange 
and related matters as they affect soils and the crops 
which grow upon them. 

C. Edmund Marshall 



MICROBIOLOGY 

MiKROBIELLE SyMBIOSEN in PeLANZEN- tJHD Tier- 
REiCH. Die Wissemchaflt Band 94, 

By TrmgoU Baumgartel. [Friedr, Vimeg & Sohn, 
Braunschweig; J. W. Edwards, Ann Arhor, $3.75. 
vi + 132 pp.; ill. [1940] 1946. 

The German original of this book, Ethoprinted by 
authority of the AHen Property Custodian, was pub¬ 
lished in 1940. As the author is a bacteriologist, 
bacterial symbioses dominate (57 pp.), and fungus 
symbioses come next (30 pp.), but the book begins by 
considering the oldest known symbioses, those of the 
algae. 

The term symbiosis is used in the broadest sense of 
the word. Hie author includes even sequences where 
one species profits from the products of the preceding 
flora or fauna. He also discusses true symbiosis where 
both forms profit, as weE as the ^‘master-servant type,” 
and perfectly equalized cases as well as unequalized 
cases bordering on parasitism. A distinction is made 
between endosymbiosis and exosymbiosis. 

After a brief discussion of the Echens, the well- 
known symbiosis of algae and ftmgi, there foEows a 
consideration of the symbiosis o! protozoa with green 
algae, the Zoochlorellas, or with yellow or brown algae, 
the Zooxanthellas. 'Even echinoderms and moEusks 
can join in^ such, a'symbios^ with algae,' The re¬ 


synthesis of symbiosis from the separately cultivated 
symbionts is discussed in some detail. 

A chapter on fungus symbioses begins with a descrip¬ 
tion of the two different t>^es of mycorrhiza. These 
descriptions are so condensed that the uninitiated can¬ 
not follow. The account of fungus symbioses with 
animals begins with a description of fungus-cultivating 
insects, such as ants. (This extends the definition of 
symbiosis to a point where we can also speak of a 
symbiosis betw^een man and wheat.) Quite different 
are the wood-boring beetles whose larvae have an ab¬ 
normal development of certain parts of their intesrines 
mth these abnormal ceEs containing the symbiotic or¬ 
ganisms. 

The best-known example of bacterial symbiosis with 
plants is that of the nodule bacteria of the legumes. 
The attempt to explain nitrogen fixation within the 
nodule does not include the latest American research. 
Bacterial symbiosis with piant-eating beetles is de¬ 
scribed in some detail in so far as the morphology of the 
beetles is concerned, but the role of the bacteria is not 
mentioned, though in some cases these bacteria can 
be obtained in pure culture. The same criticism ap- 
pEes to the descriptions of the bacterial symbioses with, 
bugs, scales, aphids, and ants. The book gives details 
of the mode of transmission, but does not mention the 
role of the bacteria and their usefulness to the insects. 
Examples are given of luminescent bacteria causing 
luminescence of various marine animals. 

The symbiosis of bacteria with mammals is exem¬ 
plified by a description of the bacteria of the intestine 
of the horse. Our latest knowledge of the ruminant 
flora obtained by cutting a “window” into the ruminant 
has been acquired since this book was pubEshed. The 
extensive chapter on the symbiosis of bacteria with 
man stresses rather one-sidedly the Lactobacillus hifidm, 
but fails to mention the formation of vitamins by the 
intestinal flora proved by the appEcation of certain 
sulfa drugs that kill the intestinal bacteria. 

The book is written interestingly in a semipopukr 
vein. Because it w^as written 10 years ago, it lacks 
the latest developments in this science. Nevertheless, 
it is stimulating for the reader who works in this border¬ 
line field. 

Otto Rahk 



Geem-Free Life Studies. Lobmd Reports, Number 
2, February 1949. 

Edited by Jaifies^ A. Reyniers, The , UnimrsUy of 
Notre Dame, Noire Dame, Indiana. $2,50 (cloth-^ 
bound); $1.75 (paperbound). 'viii -f 162 pp.; ill. 

1949. 

No. 1 of the Lobund Reports w?as reviewed in Q.R.B. 
23:75. The present,, number contains 3 papers: 
Rearing Germ-Free Chickens; Some Observations, on 
Germ-Free Bantam Chickens; and The Need for a Uni- 
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fied Terminology in Germ-Free Life Studies; all of 
tliem by J. A. ReyaierSj P. C. Trexier, R. F. Erviiij 
M. Wagner, T. D. Luckey, and H. A. Gordon. 

TJie first paper reviews previous attempts to rear 
germ-free cliickens, and also gives a great deal of detail 
on tbe specialised equipment and methods used by the' 
present authors, involving the sterilization of fertile 
eggs and the use of a sterile diet for the chicks. The 
second paper deals with the results of the germ-free 
growth of poultry. The Rose Comb White Wyandotte 
Bantam chicken is preferred because of its small size. 
This variety was reared through its entire life cycle 
and into a second generaton under aseptic conditions 
on an autoclaved diet. Growth was reasonably good, 
but egg production w^as sporadic and hatchability was 
poor. Compared to normal controls, there were differ¬ 
ences in the development of the lymphoid system and 
intestines. The fat, ash, vitamin content, and moisture 
of the liver were essentially normal The brain showed 
a higher potassium content. The vitamin content of 
the ceca was high, despite the absence of an intestinal 
flora. Antibodies against certain bacterial antigens 
could be demonstrated in low titer, probably owing to 
dead bacteria in the food. The third paper discusses 
the desirability of having a uniform terminology in this 
experimental field. No very definite recommenda¬ 
tions are made, although the authors seem to incline 
toward the use of the general term gnotoUotics (Greek, 
TJ^a>T6s-kEOwn, jSloj-iife), which leads to such derivative 
terms as gnotohioie for an animal free of contamination 
(or associated only with known microorganisms). 

Like the previous number, the publication will be 
indispensable to those working in the same field and 
of great collateral interest to workers in animal nutri¬ 
tion in general The editors hope that eventually per¬ 
sons in other institutions may submit contributions. 
In view of the highly specialized methods and equip¬ 
ment required, it may be doubted whether the field 
will ever become a highly active one, 

Walter C. Tobie 



The Nathse oe the Bacterial Sueeace. A Sym¬ 
posium of Tko Society for GenerS MicroMology, April, 
1949. 

Miied by A. A, Miles and N. W, Fine, Charles C. 

TImmas, Springfield, Ilk {printed in Great Britain). 

. $3*00. vm + 179 pp- + 12 plates. 1949. 

The depiction of the bacterial ceH as a bag of enzymes' 
has been critidzed repeatedly for ignoring other con- 
^ tents of the cell and their functional integration.' Most 
"discussions, of'biological surfaces have, however, de- 
, generated into uninformed speculation on topics like 
specific permeability as a metaboEc regulation, con¬ 
cerning winch we have practimlly no 'concrete experi-, 
mental data. TMs symposium has; steered dear of 
iSUch specula'tions, for the most'part,, and is concerned 


primarily with the discussion of factual information on 
the composition, structure, and function of bacterial 
surfaces. Despite a prefatory apology by N, W. Pirie 
for the omission of certain aspects of bacterial sur¬ 
faces, the contributors represent a wide variet}*' of 
viewpoints: chemistr>q immunochemistry, morphologjq 
bacterial virology, biophysics, and genetics. 

Immunochemical studies bearing on bacterial sur¬ 
faces are reviewed by W. T. J. Morgan, A. A. Miles, 
and E. T. C. Spooner. The methodology of this ap¬ 
proach is carefully studied by these authors, and their 
conclusions concerning the inadequacy of various iso¬ 
lated criteria for the surface role of immunochemically 
identified components are well taken. These authors 
have also contributed a useful discussion of the diffi¬ 
culties of defining the boundary between the cell proper 
and its environment, part of which—e.g., capsular secre¬ 
tions—may be produced by the cell. A related tack Is 
amplified by Harriett E. Taylor in a review of recent 
work on the pneumococcus transformations. M. 
Stacey^s interpretation of the transformation as a 
“starter” effect of the capsular polysaccharide during 
its enzymatic synthesis is discussed in critical detail. 

The osmotic functions of the bacterial surface are 
taken up by P. Mitchell A model hypothesis for the 
accumulation of amino acids is developed for glutamic 
acid on the basis of a surface envelope consisting of a 
lipid layer 50 A thick. The amino acid is converted 
into lipid-soluble glutamine at the outer surface, and 
is hydrolyzed to glutamic acid again at the inner inter¬ 
face. Many workers have postulated such biochemical 
cycles as accumulation mechanisms. How’^ever, this 
hypothesis is clearly inapplicable to those streptococci 
which require glutamine as a growth factor. 

M. Stacey reported the studies by Ms colleagues and 
himself on the nature of the Gram-staining complex of 
Gram-positive bacteria. T. F. Anderson gave a de¬ 
tailed account of the factors involved in adsorption of 
bacteriophage to the bacterial surface, with new data 
on the kinetics of activation of certain phages by ad¬ 
sorption cofactors (tryptophane). As commented by 
A. Felix, the simplified picture of adsorption as a 
“simple steric fitting of complementary rigid surface 
structures” is replaced by “dynamic processes involving 
enzymic steps of degradation and synthesis.” But to 
infer that phages are “indigenous products of the bac¬ 
terial cell and not separate viruses” is to ignore a large 
body of evidence for their exogenous origin, some of 
wMch is cited by Anderson. The volume closes with 
an account by A. Pijper of Ms sunlight-darkfieid ob¬ 
servations on the functions of bacterial flagella. His 
heterodox views have excited considerable discussion 
in tMs volume, and elsewhere. 

'Each paper is accompanied by' a parapMase of .the 
discussions, wMch are very lively and true-to-life. The 
discussions and the photograpMc illustrations are a 
■■very valuable part of the book. , The volume is well 
, made up, and essentially free'from typographical errors 
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(except precipitin for precipitinogen, p. 130). The 
book should be read by every serious student of bac¬ 
teriology and cell physiology, and it may be hoped that 
this timely discussion will help to focus more intensive 
examination on a group of problems which has suffered, 
in the past, from too high a proportion of speculation 
to experiment. 

J. Lederberg 



Plant Viruses, Second Edition. Methum^s Mono¬ 
graphs on Biological Subjects. 

By Kenneth M. Smith. Methuen & Co., London. 

6s. X 4- 78 pp. + 8 plates; text ill. 1948. 

The author of this pocket-sized treatise is one of the 
world’s best qualified persons to perform the difficult 
task of summarizing modern knowledge about plant 
viruses. In a field where the application of technics of 
protein chemistry and physics has brought spectacular 
advances in our knowledge of the physical nature of 
viruses, there is great need for the maintenance of a 
broad and integrated biological viewpoint. Smith has 
done this, giving due attention to the pathological 
physiology of the virus-infected plant, in addition to 
presenting a concise summary of the modes of trans¬ 
mission of plant viruses. The chapter on viruses in 
relation to their insect vectors reflects the extensive 
knowledge and experience of the author in that par¬ 
ticular area. The control, serology and classification of 
plant viruses are covered briefly but well. The pioneer 
work of Vinson from 1929 to 1933 on the chemical 
isolation and purification of tobacco mosaic virus was 
followed by the isolation of the same virus in para- 
crystahine form by Stanley and the determination of its 
macromolecular nature. The discovery of the nucleo- 
protein structure of plant viruses by Bawden and Pirie 
was a great step forward. A tremendous surge of ac¬ 
tivity followed in both the animal and plant virus fields. 
This second edition (1st ed., Q.R.B., 11:106) of Plant 
Viruses has been entirely rewritten to include many 
of these important developments. The final chapter 
presents some of the theories concerning the origin of 
viruses. Such an abbreviated account of the plant 
virus field must of necessity omit much of importance. 
Hevertlieless, I was impressed by the amount of ma¬ 
teria! included in so few pages and the balanced scien¬ 
tific manner of its presentation. This little book pre¬ 
sents in an interesting way the broad outlines of the 
plant virus field. 

M. W. Woom 



' ' HEALTH ANDHISEASE 

Revista da Assoceasiao M^dica de Minas , Gerais. 
Tf?l. i, NoiL,\^A%p4st'L949; Mo. December 1949. 
'Pp. ^229.' ' ' ' 


Edited by Aulo Pinto Viegas, Eilton Rocha, Lucas 
M. Machado, E. Livio Remult. Associa^ao Medka 
de Minas Gerais, Belo Horizonte. Annual subscrip¬ 
tion, Cr$ 60.00 or U. S. $5.00; single numbers, Cr$ 
20.00. Published four times a year. 

Although it is primarily a medical journal for original 
papers in the Portuguese language, this new journal 
carries some papers in English, e.g., in No. 2: BCG 
Vaccination in Rio de Janeiro (J. Feldman); Hemo- 
sedimentation Test in Obesity (A. P. Viegas). There 
is a section in each issue of a more general sort, and 
headed ^‘De Rebus Pluribus.” 



Medical Disorders of the Locomotor System In¬ 
cluding THE Rheumatic Diseases. 

By Ernest Fletcher. The Williams & Wilkins Co., 
Baltimore. $11.00. xii -R 625 pp. -f- 1 chart; text 
ill 1947. 

The author of this book is a British physician who pre¬ 
sents a major interest in the art of medicine as applied 
to arthritis. He has extended his considerable per¬ 
sonal abilities by calling upon 9 contributors in special 
subjects. The scope of the text has thus been ex¬ 
tended to the medical aspects of the locomotor system. 

The contents may be very approximately divided as 
follows. The first 100 pages consist of introductory 
subjects, which include a classification of rheumatic 
conditions, examination of the patient, physiology, 
and anatomy. The next 340 pages contain a discussion 
of arthritic conditions. This is followed by about 150 
pages devoted in the main to allied locomotor condi¬ 
tions. The remaining pages contain a chapter on 
physical therapy, and an appendix containing empirical 
aids to diagnosis and treatment of the several diseases. 
Each of the 35 chapters is followed by a bibliography 
which draws extensively from American as well as 
British sources. 

A biologist will observe that this book is not directed 
toward his ordinary interests, but rather that it stresses 
the empirical and clinical aspects of musculo-skeletal 
diseases. Rure science iS' significantly minimized in 
favor of dinical and practical discussions. Yet a 
biologist who is, interested in arthritis can glean his¬ 
torical ,and research, references from the biblograpMes, 
while having 'Ms clinical understanding of 'the, several 
rheumatic diseases, extended through relatively'pleas-' 
ant reading. The text gives no informarion on the 
recent trend toward hormone research and therapy as 
applied/to arthritis. In short, a biologist with; clinical 
leanings will find this'hook of interest; others w'ill ■benefit 
only ' slightly from its message. 

' NpFHi, E. Kezerian 
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Cardiac Catheterization in Congenital Heart 
Disease; A Clinicm and Physiological Study in Infants 
and Children. 

By Afidri Courmnd, Janet S. Baldioin, and Aaron 

Emimdstein. The Comma numUk Fund, New York; 

GeojJrey Cumherle^^e, Oxford University Press, London. 

^>4.00. viii 4 - IGS pp.; ill. 1949. 

Cardiac catheterization has only recently become an 
accepted procedure in the diagnosis of congenital heart 
disease. Progress has been rapid since the use of this 
technique in the study of auricular septal defects was 
introduced 5 years ago. The groups 'working respec¬ 
tively under Cournaad, Bing, and Dexter have been 
outstanding contributors to the field, and the material 
in this short monograph from Cournand^s group is to 
be considered authoritative. Although the method of 
study may come to have wider application in normal 
cardiac and pulmonary dynamics, in pharmacology, and 
in acquired heart disease, its value in the study of con¬ 
genital cardiac anomalies is already firmly established. 

In brief, cardiac catheterization consists of passing a 
flexible venous catheter (under electrocardiographic 
and roentgenologic control) into the right heart cham- 
liers and pulmonary artery for the purpose of sampling 
blood and obtaining blood pressures. In patients with 
septal defects, the left heart also may be available for 
study. When siinultiuieous expiratory gas samples, 
right heart blood (mixed venous blood), and arterial 
iilood samples are obtained, it is possible to calculate 
the cardiac output l>y means of the Fick principle: 
oxygen consumption divided by arteriovenous ox>"gen 
difference equals cardiac output. Variations of the 
Fick formula make it possible to estimate the magnitude 
ot cardiac shunts, and of pulmonary flow when this 
differs from systemic flow. ’ 

The opening section of the book is a concise outline 
of the physiological methods, techniques, and equip¬ 
ment used in cardiac catheterization. The roentgeno- 
grapMc appearance of the catheter in the heart and the 
characteristic blood pressure curv^es are well illustrated; 
necessary calculations are described; and the importance 
of the electrocardiograph in avoiding dangerous ar¬ 
rhythmias, is stressed. Fh)'siologists will perhaps be 
disappointed by the pressure curve artifacts that may 
be introduced by the use of a long catheter, but the 
basic significance of the records cannot be denied. The 
second portion of the book comprises 17 case presenta¬ 
tions encompassing a wide variety of single and multiple 
cardiac defects. The lack of supporting autopsy ma¬ 
terial is unavoidable' and not of a. serious nature. The 
authors are to be congratulated on the diagrammatic 
clarity and completeness of their clinical studies and 
on their thoughtful analysis,of the data. 

E. Converse Peirce, 2nd 


Epilepsy. Psychiatric Aspects of Cimmdsm Disorders. 
Proc. 36th Annual Meeting, Amer. Psychopatkol. 

Held in Neiv York City, May 1946. 

Edited by Paul E. Hoch and Robert P. Knight. Grime 

& Stratton, New York. $4.00. viii 214 pp.; ill. 

1947. 

These 15 papers cover a wide variety of material, 
ranging over the historical, social diagnostic, clinical, 
and medical aspects of epilepsy. The subject matter 
includes the genetics of epilepsy (Kallman and Sander), 
the prevalence of epilepsy (Malzberg), its soda! im¬ 
plications and management (Collier), antisocial as¬ 
pects of epilepsy (Foxe), personality of the epileptic 
(Piotrowski), differential diagnosis of epileps}^ (Die- 
thelm), diagnostic testing in convulsive disorders (May- 
man and Rapaport), the psychopathology of epilepsy 
(iVIittelman), some psychopathologicai aspects of or¬ 
ganic brain damage (Hock), experimental production 
of epilepsy in animals (Kopeioff and others), electro¬ 
encephalography in epilepsy (Jasper), and maternal 
nutritional deficiency and the incidence of sound- 
induced convulsions in young albino rats (Patton). 
The volume stresses the psychiatric aspects of epilepsy, 
dealing not only with the disease process but also with 
the general -weil-being of the epileptic patient. Em¬ 
phasis is placed on the psychiatric help and counsel 
which an epileptic patient needs besides the medical 
treatment. The general clinical approach, rather than 
research, is stressed. 

Samuel Livingston 



Epilepsy and Convulsive Disorders in Children. 
McGraw-Hill Series in Health Science. 

By Edward If. Bridge. McGraw-Hill Book Co., 
New York, Toronto, and London. $8.50. xiv fl- 
670 pp. -f 12 plates; text ill 1949. 

Bridge’s w^ork on epilepsy and convulsive disorders in 
children represents a milestone in medical literature. 
The presentation of the subject is such that it is an 
invaluable and indispensable reference for the physician, 
student, nurse, social worker, or layman who seeks 
knowledge and orientation about convulsive disorders 
in children. The treatment of the subject is unique in 
many respects. Emphasis has been placed first on the 
underlying forces that give rise to the symptoms. 
The various manifestations of epilepsy are treated 
from a broader viewpoint than description alone. 
Treatment is scattered throughout the presentation; 
in particular, as part of the discussion of the various 
manifestations: major convulsions, minor seizures, etc. 
The importance of psychosomatics as a basic concept 
in the treatment of convulsive disorders is stressed. 

The wealth of material in this book is the result of 
careful and numerous scientific' studies and analyses 
carried out over a period' of'y^^ts by the author and 
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liis associates on 742 children treated at the Johns 
Hopkins Hospital Epilepsy Clinic, integrated with the 
pertinent literature and medical research on epilepsy. 
Bridge probes the problem of convulsive disorders in 
children not by searching for a single cause but hy 
evaluating the relative importance of (a) heredity, 
(b) structural defects in the brain, (c) physiological 
disturbances, (d) personality maladjustment, and (e) 
environmental strains in producing the symptoms of 
recurrent seizures. I strongly recommend that this 
book be read by all who are concerned either socially or 
medically with the problems of convulsive disorders in 
children. It fills a gap w’hich has existed for many 
years. 

Samuel Livingston 

L’Allergie Tuberculeuse CHEZ l’Homhe. Ekide 
de VAllergie au Cows des Principales Localisations de 
la Tiiberctdose de PHomme, ainsi qidau Cows de VInfec¬ 
tion Ttibemdeuse Latenie. Le Mecanisme de VAllergie 
Tithercidense. Le Retentissement de VAllergie sw VEvo¬ 
lution des Lesions Tuberculeuses. Allergic et ImmtmUe 
Aniitubercideuse. Collection de VInstitut Pasteur. 

By Georges Caneiti. Editions Medicates Flammarion, 

Paris. 225 fr. (paper). 338 pp.; ill. 1946. 

The main body of this studiously compiled, inexpen> 
sively equipped, and somewhat diffusely organized 
monograph consists of a comprehensive review of 
controversial theories and inconclusive data on allergic 
phenomena in clinical tuberculosis. In this part of 
the book, the author’s approach is generally on the 
conservative side, impartial, and always free of specula¬ 
tive assertion. In the concluding section, the author 
discusses bis own views on the immunobiological 
and preventive aspects of the disease. Particular 
emphasis is placed on the inseparable interrelation¬ 
ship of allergic oversensitivity and immunity to reinfec¬ 
tion. However, neither allergic nor immunological 
mechanisms are believed to play an essential part in 
the development of reinfection tuberculosis, although 
the available information about the responses of 
allergic and non-allergic persons to controlled gradations 
of exposure is considered inadequate. The most im¬ 
portant causative elements are seen in the massiveness 
of exposure and in extreme deficiencies in the degree of 
natural resistance. The significance of genetically 
determined variations in natural resistance to tuber¬ 
culosis is stressed, irrespective of a certain vagueness 
in defining the basic concept of natural resistance. 

Franz J. JCalimann 



Mycoses and Practical Mycology. A Handbook 
for Sudmts and Praciitioners. 


By N. Gohar; with a foreword hy Sir Philip Manson- 

Bahr. The Williams & Wilkins Co., Bal-timore. 

$6.00. xii -b 234 pp. -f 4 plates; text ill 1948. 
Gohar’s Mycoses and Practical Mycology is a new and 
useful addition to the growing list of handbooks on a 
subject of increasing importance to medicine. It 
presents a thoughtful discussion of theoretical as well 
as practical aspects of medical mycology. The roles 
of soil and decaying vegetation as reservoirs of fungi 
which may be normally saprophytes but can, under 
suitable circumstances, become pathogens is briefly 
but clearly stated. 

Nearly half the book is devoted to epidermophytosis 
and other abnormalities of the skin or hair, in a few of 
w'-hich a fungous etiology is doubtful. The clinicai 
aspects of various t}q)es of dermatophytosis, evolution 
of the lesion, appearance of the fungus, and treatment 
are fully discussed. A clinical classification of material 
is followed for the most part, although, as the author 
points out, there is some overlapping of mycological 
and anatomical groupings. The discussion of each 
mycosis is based upon definition, history, symptoms, 
diagnosis, and treatment. The author may not have 
intended this small volume as a reference book, but 
its usefulness w'ould have been increased if citations 
to some of the important literature had been given. 

It is regrettable that a book W’hich will be accepted as 
authoritative is marred b}’ a number of errors. After 
defining the blastomycoses as diseases due to infection 
with true yeasts, the author follows Bodge in classifying 
Coccidioides immitis as an ascomycete and discusses 
coccidioidomycosis as a blastomycosis. It is generally 
recognized, on the contrary, that Cocddioides is a 
phycomycete. Similarly the term ascus is misused 
in connection with Eisioplasma, Zymonema {Blas¬ 
tomyces) and Paracoccidioides (wLich is erroneously 
related to Coccidioides rather than to Zymonema). 
The author apparent!}^ overlooked the prevalent benign 
type of coccidioidomycosis, i.e., ‘‘Valley fever,” in 
stating that spontaneous cure is exceptional “Torula 
meningitis” (cryptococcosis) and “Busse-Buschke^s 
blastomycosis” are discussed as different diseases with 
different etiologies, although they are general!}' ac¬ 
cepted as manifestations of one disease and have the 
same etiology. Similarly, Momsporium apmpermum 
and Allescheria boydii are presented as 2 different fungi 
although they are knowm to be growth forms of a single 
fungus. Numerous other departures from modern 
and accepted terminology and synonymy, particularly 
among the dermatophytes, might be cited. The his¬ 
tory of actinomycosis is well told, but an' old error'is 
perpetuated by erroneously labeling as, 
hovis a culture of an aero'b'ic Sireptomyces. Regard¬ 
less of whether Actinomyces bovis or A. israd is accepted 
as the valid name for the eliologic agent' of human 
actinomycosis,' the name A. bom cannot be used 
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properly for an aerobic Sirepiomyces. It is stated 
that Mstopiasmosis (which actually is widely distrib¬ 
uted over the world) is found only in the United 
States and Central America, although 2 pages later 
a case from Java is mentioned. Although their gen¬ 
erally accepted nonmycotic etiologies are mentioned, 
10 pages are devoted to a discussion of sprue and 5 
pages to pinta. The last chapter presents a useful 
summary of fungicides, prescriptions, culture media, 
and poisonous fungi. 

C. W. Emmons 



Science Versus Cancer. Sigma InirodticUon to Science 

2 , 

By I. BerenUum. Sigma Books, London. 6s. 116 

pp. -f 8 plates. 1946. 

Fowler in the Concise Oxford Dictionary defines heauiiful 
as “morally or intellectually impressive, charming or 
satisfactory.’’ This reviewer feels Berenblum’s Science 
Versus Cancer is best described as beautiful. In 9 
polished chapters: (The Nature of the Disease, its 
Frequency, the Influence of Heredity, the Influence of 
Environment, Diagnosis, Treatment, Cancer Research 
[2 chapters], and Retrospect and Prospect) the author 
presents the cancer problem in a manner which reveals 
him as a teacher, researcher, and a sensitive and under¬ 
standing man. Written in non-technical terms for 
the layman, it is a model for the scientist who wishes 
to present to the curious citizen a view of this special 
field of interest. It can well serve the young practi¬ 
tioner as a guide in discussing the cancer problem with 
patient or family. Medical students could profit much 
by spending this hour with Berenblum. No biologist 
could fail to profit from reading Science Versus Cancer. 
The book has a glossary of terms and is adequately 
indexed. 

M. C. Shelesnyak 



Atomic Medicine. 

Edited by Charles F. Behrens, Thomas Nelson &: 

Sons, New York, Edinburgh, and Toronto. $7.50. 

xiv -f 416 pp.; ill. 1949. 

The problem of presenting the field of nuclear physics 
to the student of medicine is a difficult one because 
of its extent, its numerous disconnected applications, 
and the inadequate training in basic sciences which is 
such a serious and outstanding defect in our medical 
education today., ^The' 'discrepancy between present 
training given medical personnel and the scientific 
preparation required for proper application of the field 
of GUdear physics to medicine is an excellent illustration 
.of this important failure of oim'medical schools. It is 
'-not .dear whether this^ is''ad«|midy'appreciated in the 
;ihedidii|5rofessi6n.. from thiS'it folows that a hook'on 


Atomic Medicine has a difficult goal to attain from the 
outset. It is obviously not possible within the confine 
of one book to provide an adequate education in atomic 
medicine for the medical man. By trying to cover the 
entire field Behrens’ book fails to accomplish this aim 
in almost every phase of atomic medicine which it takes 
up. However, for those who wish a general survey of 
the whole subject it does give an easily read account 
of large portions of the field. This is provided in a 
generally uncritical fashion, without benefit of many 
data or extensive evidence. The material is pre¬ 
sented by 20 contributors who give a discontinuous 
account containing many long repetitions. For an 
introduction to the field the book may be useful, 
although it is rather long for this purpose. At $7.50 
it is overpriced, in my opinion. 

Frederick W. Barnes, Jr. 



Malaria im Kinbesalter. Bibliotheca Paediatrica, 
Supplementa m Annales Faediatrici, Ease. 47, 

By Albert Eckstein. S. Karger, Basel (Schweiz) aftd 

New York. S. fr. 14.00 (paper), viii + 119 pp.; 

iU. 1946. 

This strictly clinical monograph reflects the views of a 
prominent European clinician following a score of years 
of close contact with malaria in Turkey, where the 
disease has been common for centuries. The mono¬ 
graph has a somewhat wordy but methodical table of 
contents, and is divided into 4 large sections: an Intro¬ 
duction, a section on Prophylaxis, an extensive discus¬ 
sion of Clinical Diagnosis, Symptomatology and Path¬ 
ology, and finally, a special section on the Care and 
Treatment of Childhood Malaria. The author feels 
that because of the frequent deviation of clinical 
malaria in children from the classical picture of adult 
malaria described in textbooks, the use of the term 
“childhood malaria” is justifiable. The Introduction 
is largely a discussion of the author’s experience with 
malaria in pediatric clinics in Germany and especially 
in Turkey, and to an explanation of his reasons for 
writing the monograph. The author reports a mor¬ 
tality rate of 40% among malaria cases in children, 
8.8% of which were in nursing babies, 18,6% among 
infants, and 12,4% in older children, for the years 
1931-34. 

The section on Prophylaxis considers prevention 
through anti-malarial campaigns, including mosquito 
eradication and suppressive medication as weE as the 
elimination of clinical malaria after it has developed. 
The relative usefulness of the several available ma- 
lariaddal drugs when applied to childhood infections is 
discussed. 

' In the discussion of clinical and laboratory diagnosis, 
proper emphasis is given to the need for adequate 
thiii-film examination of blood, an especially impor¬ 
tant procedure because in cMldren the symptomatology 
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may and often does present manifestations of protean 
nature. This is especially true of the febrile curve, a 
notoriously poor diagnostic criterion for this age group. 

The author describes a series of 14 cases, out of some 
200,000 observed, in which what he felt vras true 
congenital infection was demonstrable—an infection of 
the fetus having resulted from transplacental contact 
following injury to the placenta during extreme ma¬ 
larial paroxysms. The real number of such occurrences 
is, the author believes, actually much greater than 
has been supposed. Thus, a prophylactic program 
during pregnancy is highly indicated, for in addition to 
congenital infection, the danger of abortion is an ever¬ 
present threat to the health of mother and child. To 
combat this, Eckstein prescribes the use of atabrine or 
other essentially non-toxic antimalarials. 

Clinical malaria of childhood is discussed under 3 
sub-headings: nursing infants, young children, and 
older children. The first of these presents an especially 
atypical symptomatology. The paroxysms frequently 
do not include chills and fever, the rigors usually seen 
being replaced by “febrile cramps.^' If fever is seen 
at all, it is usually not very high. Although this 
suggests a low reaction of the infant to the toxic by¬ 
products of the parasitemia, appearance of splenomeg¬ 
aly is very common. Another frequent characteristic 
of this age group is dyspepsia and enteritis. 

A frequent complication of malaria in young children 
is dystrophy. This closely resembles nutritional de¬ 
ficiency dystrophy of similar age groups. Eckstein 
says that among such cases, fever and splenomegaly 
may be slight or entirely absent, and the growth rate 
is so depressed that dwarfism is common in chronic 
cases. The connection of these symptoms to malaria 
is shown in the miraculous response following specific 
therapy. 

Also included is a comprehensive consideration of the 
occurrence of liver cirrhosis and kidney damage among 
cases of childhood malaria. No connection was seen 
in the size of the spleen and the liver. In some cases, 
cirrhosis occurred in the complete absence of spleno¬ 
megaly and vice versa. Malariacidai compounds, in 
the author’s experience, had little or no effect in 
reducing the size of enlarged fivers. Nephrosis seemed 
to be a frequent sequel of quartan malaria ambng 
children, but nephritis showed no connection whatever 
to any type, the former responding to antimalarial 
drugs, the latter not being affected. Carbohydrate 
metabolism' was frequently upset in that blood and 
CSF sugar were found often elevated in severe; cases. ■ 
''Almost one-fourth of the monograph is devoted to 
the effect 'of malaria on the central nervous system 
of children. The various complications are classified 
into: (A) 'Prodromal Signs of the ■ Coma Stage; (B) 
The Malarial Coma, with S subtypes which the' author 
recognte; and finally (C)' The iSub-Acut'e 'T^es of 
CNS Involvement, including, 7 ,clinical subtypes. AH 


of these forms of malaria are exhaustively discussed. 
Some of the material is repetitive and verbose. 

The treatment of malaria in childhood is similar to 
that in the adult except for the difficulty in obtaining 
the cooperation of the child in taking distasteful drugs, 
so the author suggests the use of parenteral therapeusis 
wherever possible. A simple treatment regimen is 
outlined for both atabrine and quinine. The suggested 
use of plasmochin should perhaps have been accom¬ 
panied with caution concerning its toxicity. 

Although this monograph might have well profited 
from condensation, the information given is worthwhile 
and offers valuable pointers to the pediatrician. 

AlAH C. PIPEjEH 



Principles of Insect Pathology. First Editimi, 

By Edward A. Stdnhaus. McGraw-Hill Book Co., 
New York, Toronto, and London. $8.00. xii -p 
757 pp. 1949. 

Scarcely 10 years have elapsed since the study of insect 
physiology made its debut as a discrete discipline. It 
was heralded by the appearance of Wigglesi-vorth’s 
Principles. During the intervening period this off¬ 
spring of entomology and physiology has waxed strong. 
Nonetheless, it is apparent that lacunae in our knowl¬ 
edge of the physiology of the normal insect far exceed 
the known framework. It might seem at first glance, 
therefore, that a book devoted to the abnormal physi¬ 
ology of insects, the functional, chemical, and structural 
alterations resulting from disease or injury, is prema¬ 
ture, Yet a perusal of Steinhaus’ signal work reveals 
that this is not the case. The field of insect pathology 
has heretofore occupied a relatively obscure position, 
largely because of its diffuseness; yet it is a field of 
endeavor which has claimed the attention of eminent 
scientists, among them Pasteur, for over 100 years. 
This volume introducing the science of insect pathology 
does yeoman service in concentrating an impressive 
volume of scattered and seemingly unrelated facts. 
The skill with which the material has been organized 
to produce a coherent treatise is commendable. 

Although intended primarily as a textbook, this 
book fills the need for a reference work, too. It is 
composed, of 14chapters and has extensive author 'and 
subject indices. After an Introductoiy chapter in 
which definitions are set forth i and the historical back- 
groimd and 'techniques of insect pathology are discussed,' 
;the subject m,atter is 'divided' as follows: medianical, 
physical, and,, chemical injuries; diseases, of, nutrition 
and'metabolism;'extracellular microbiota of,healthy 
insects; intracellular microbiota; infection and' epizo- 
otiology; resistance and immunity;,symptoms and pa- 
'thologies; bacterial'infections; fungus infections; virus 
infections'; protozoan infections, nematode ,inf«tioiis, 
applied insect patholog}-'', and biological control. 'The 
b^k, is. very' w# written' and profiKeiy, ,!llustiated» 
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Extensive references at the ends of chapters are espe¬ 
cially helpful. This book should fulfil not only its 
purpose as an introduction to the stud}* of insect 
pathology and a reference work but should also act as 
an incentive to potential workers in the field. 

V. G. Dethier 



Mosquitoes and their Relation to Disease. Their 
Life-History, Habits attd Control. Fifth Edition. Brit. 
Mus. (Nat. Hist.) — Econ. Ser. No. 4. 

Printed by order of the Trustees of the British Museum 
by William Clowes and Sons, London and Becdes. 
6d. 17 pp. 1949. 



PSYCHOLOGY AND ANIMAL BEHAVIOR 

Army-Ant Life and Behawor under Dry-Season 
Conditions. 3. The Course of Reproduction and Colony 
Bekamor. Bidl. Anier. Mus. Nat. Hist., Vol. 94: 
Art. 1. 

By T. C. Schndrla. $1.00 (paper). Pp. 1~82 + 
2 plates; test ill. 1949. 

On the Relationship of Social Behavior to Pig¬ 
mentation IN Tropical Shore Fishes. Bull. Amer. 
Mus. Nat. Hist., Vol. 94: Art. 2. 

By C. M. Breder, Jr. SO cents (paper). Pp. 83-106 
-V 8 plates; text ill 1949- 



General Psychology. Second Edition. 

By IF. J. E. SprotL Longmans, Green & Co., 
London, New York, and Toronto. 14s. x -}- 467 
pp. 1947. 

An inclusive exposition of basic psychological phenom¬ 
ena and processes, as well as of various frames of refer¬ 
ence in psychology, is offered in this revised edition. 
The usual gallery of topics in general psychology is 
presented, along with such chapters, strange to Ameri¬ 
can students, as those on Other People (separate from 
Social Environment) and The Field of Consciousness 
(separate from The Perceptual Field), as well as the 
concluding one, The Relation Between Body and 
Mind. 

The work as a wrhole is nonexperimental in tone, and 
expository in the manner of a text in metaphysics or 
epistemology. Tt is freighted with the concepts and 
metaphysical conjectures that characterize the intro- 
spectionist, philosophical strain of much traditional 
British academic psychology. Interestingly enough, 
however, such emphases in the areas of perception, 
consdoumess, and the thought processes seem to make 
portions of, this text more relevant for an appreciation 
;,of the latest'developments in perceptual.'theory and 


projective psycholog>' in this country than most Ameri¬ 
can textbooks in general psychology. At the same 
time, however, the reader is left with an impression that 
psychology has but lately emerged from philosophy, 
and that the adequacy of its hjqiotheses can be tested 
by mental operations based on the private experience 
of the “psychologist.” This impression is not weak¬ 
ened by the author’s inclusion of the speculations and 
fantasies of Jung, Melanie Klein, and Gerald Heard 
in his exposition. 

Unlike American textbooks, the topic of psychical 
research is defined and discussed in the most speculative 
manner, with only casual reference to experiments. In 
this connection it is remarked that “psychologists 
should not shrink from penetrating the obscurities of 
psychic research; there is sufficient evidence to invite 
investigation, and the position of an ostrich with its 
head buried in the sand is neither dignified or helpful” 
(p. 288). We are not, how^ever, told what “sufficient 
evidence” is, nor on the other hand why “dignity” and 
“helpfulness” are crucial in the conduct of scientists. 
A versatile receptivity to a variety of theoretical 
view*points and possible h>*potheses is indispensable for 
the grow^th of understanding, prediction, and control. 
But if intellectual appreciation and philosophic ap¬ 
praisal luxuriate at the expense of empirical verifica¬ 
tion, an exposition of psychology can hardly command 
the respect that the labors of its researchers and practi¬ 
tioners today so justly deserve. 

Erling Eng 



General Psychology. Principles and Practice. 

By John Edward Bentley. J. B. LippincoU Co., 

Philadelphia, London, and Montreal. $3.50. xviii 

4- 389 pp. 4 5 plates; text ill 1947. 

This book is the precipitate of experience in teaching 
introductory psychology to nurses. The material is 
divided into 5 sections: The Organic Basis of Human 
Psychology, Sense Activity and Sense Experience, 
Learning, Personality Adjustment, and Applications 
of Psychology to Nursing. Basically, the book is 
little more than an outline of the various topics in 
general psychology. Sensory, motor, and neural mech¬ 
anisms are presented in some detail, in accordance 
with the author^s belief in the importance of the or¬ 
ganic basis of all behavior. In addition, thumb-nail 
'characterizations of the various “psychologies” are 
included, as well as a trivial, misleading section on 
Clinical Psychology. On the whole this is an unfor¬ 
tunate book, both for the reputation of psychology, 
and for the understanding of students. Tyf>ical pas¬ 
sages like the following disclose an unconscionably 
superficial understanding of personality structure: 

“There is always the danger of the normal man or 
woman faltering, failing, falling from the path of normal 
behavior, for the line of demarcation between normal 
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and morbid behavior is very thin. At any moment the 
normal man may fail and become a part of the army of 
misfits, the mentally sick, and flounder in his normal 
tasks, swelling the growing tide of human failures. 
This danger is well illustrated by the fact that the 
annual increase of mental patients in our hospitals 
has risen to four and one-half per cent and the rate is 
rising’’ (p. 267). 

It is difficult to recommend such a misleading and 
poorly-written book for any class in psycholog}". 

Erling Eng 



Aids to Psychology. Third Edition, 

By John H, Ewen, Bailli^e, Tindall and Cox\ 

London, $1.75. viii + 192 pp. 1948. 

This small book has been written as a study aid for 
British students preparing for a ‘‘Diploma in Psycho¬ 
logical Medicine.” It attempts to provide a compre¬ 
hensive but concise review of the concepts, principles, 
laws, and classificatory schemes contained in the aca¬ 
demic psychology usually encountered by such students. 
Some idea of the frame of reference of this psychology 
may be gained from the following selection of chapter 
headings: Body and Mind; Cognition, Conation, Af¬ 
fection; Instinct; Imitation; Belief; Sentiment; Com¬ 
plex, Dissociation, T}^es of Thinking; Illusion, Hal¬ 
lucination. Most generously reviewed and expanded 
are the concepts and classifications of McDougall (all 
14 of his “major instincls” are discussed), accompanied 
by passing references to such worthies of an earlier 
day as Stout, Ward, Ladd, and James. 

Characteristic of the era of psychology from which 
the views summarized in this book have descended are 
statements like the following: 

“Mental dispositions are unconscious factors con¬ 
nected with consciousness” (p. 38). 

“The food-seeking instinct is exhibited in various 
forms, and is variously specialized. Its emotion is 
gusto. The impulse to wander in search of food differ¬ 
entiates animals from plants” (p. 71). 

“Emotion is a mode or quality of experience. The 
emotions are varieties of emotional experience. The 
emotional qualities, when functionally considered, are 
subjective or significant of the nature of the subject” 
(p. 124). 

Outside the special audience for which it has been 
tailored this book is likely to occasion scant interest 
because of the outworn taxonomic approach to “mental 
phenomena” that it so largely exemplifies. 

Erling Eng 



Probxj:ms OR Human. Abjusxment. 

By Lynie C. StechU. Harper & Bm,, Nm York, 
$3.00. xn„+351pp. 1949. 


This book is designed as a “text for courses in mental 
hygiene, personal adjustment, and personality develop¬ 
ment.” Its central theme is that man is primarih^ an 
emotional being, subject to the atavistic controls of his 
formerly necessary, but now relatively useless, physio¬ 
logical preparatory adjustments. These responses are 
effective through the “'old I'jrain” and, when not fully 
recognized and controlled by the “new brain” of 
modern man, lead to maladjustment. While this 
anatomical and evolutionary pattern is inevitable and 
leads the author to be rather pessimistic in Ms outlook 
for the species at some places in the book, his genera! 
view is that understanding and the exercise of intel¬ 
ligence will make successful living possible. TMs faith 
in the possibility of intellectual control over the emo¬ 
tional patterns of response is carried through consist¬ 
ently. In discussing courtship, for example, Steclde 
says: “If your boy or girl friend is constantly on the 
watch for signs that your affection is wanting, if he or 
she seems to feel that 3 mu are not to be trusted out of 
sight, break it off.” The assumption that this is 
easy appears unrealistic. The consistent faith prevails 
through a discussion of religion that rather cavalierl}^ 
disposes of the whole of that problem as myth and 
superstition. It resolves into an ethical philosophy 
very like that of the Golden Rule. 

The concept that intelligence or “new brain” offers 
the complete solution to life’s problems marks this 
book as rather less than modern in its psychotherapeutic 
content. It pays little heed to the usefulness of the 
attitudinal changes that appear in the interview", for 
example, though this technique is dealt wdth briefly 
in the last chapter. Very little is said about the pow'er- 
ful factors of rapport and transference. The book is 
largely mechanical and not very human. 

Paul V. Lebkau 



More about Psychiatry. 

By Carl Binger. The University of Chicago FresSj 

Chicago, $4.00. xiii 201 pp. 1949. 

TMs little book is a compilation of several articles 
that Binger has written for various journals, medical 
and lay. It touches on a variety of subjects: psy¬ 
chosomatic disorders, mental health, anxiety, what can 
be learned from medical Mstory, choosing a mate, 
psychoanalysis, and so on. The author’s style is easy 
and will ingratiate itself with the lay reader. Further¬ 
more, the material he talks about is factual, presented 
so that the reader will get an authentic account. ' Some 
of these chapters have been read widely already, since 
they appeared in national journals, and it is rather 
pleasant now to have this group of informal ffisays for 
geneml distribution in book form. There is a con¬ 
siderable bibliography for each chapter. 

Wenbbix Muncie 
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Guiding Human Misfits. A Practical A pplicatioti of 
liidirndnal Psychology. Nesu and Revised Edition. 

By Alexandra Adler. Philosophical Library, New 
Yorh 114 pp. 1948. 

Alexandra Adler is the daughter of Alfred Adler, a 
Viennese psychologist noted for having split with 
Sigmund Freud in postulating inferiority feelings as the 
fundamental conflict in personalitj’ disorders. She has 
written this short book for the lay public, apparently 
to present her father's thesis in popular form. In so 
doing she has set aside considerations of more involved 
psychodynamics and has made the field of psychiatry 
appear phenomenally simple. 

Helen Arthur 



Guidance Policy and Practice. 

By Robert Hendry Math&wson. Harper & Bros., 

New York. $3.00. xiv -f 294 pp.; ill 1949. 

The presentation in this volume differs from that of 
the other recent publications in that its primary aim is 
to formulate a framework which will fit all guidance 
activities into the contemporary pattern of our social 
and industrial structures. Since the author wishes to 
present the theoretical implications of guidance, he 
writes only in terms of the philosophical, sociological, 
and educational connotations of the guidance movement 
rather than in strictly scientific and technical terms. 
He would like to bring some semblance of law and order 
into the thinking of the educators and administrators 
who are responsible for organizing and promoting 
programs in a field which in its brief history has had 
something in common with Topsy's grow'th. 

An educator attempting to fit the guidance field 
into such a sociological perspective faces the dilemma 
of the somewhat dichotomous nature of guidance. He 
may take as his primar}^ point of departure the special 
attributes and aptitudes of the individual, and the 
world into which he must fit as a secondary concern; 
or he may start with the needs of the social structure, 
and attempt to have the guidance process serve social 
ends. Mathewson has tried to knit the two phases 
together and to show that in actuality they are not 
divorced. ‘The kind of society,'^ he states, “which 
provides maximum freedom and opportunity for indb 
vidual development can be neither individualistic 
anarchy nor a tyrannical despotism. The solution 
sought is a constantly adjusting dynamic reciprocation 
of'individual and social interest. Thus the foremost 
socM'imperative' in a democracy is to provide the type 
^ of education, on the^ one hand which will make its 
citizens wise' choosers and purposers, and the type of 
society on the other in which such choosers and pur- 
posers' ' can ' harmoniously develop.” Because' perspec¬ 
tive aS' to the ,piace'of''guidance in the current scheme 
of our'civilka'tion is the'keynote of fte book, a psycho- 
Ic^ucal specialist may well look in vain for any technical 


discussion here of the scientific methods and tools 
involved in the practice of his profession. The book 
appears to be written essentially by an educator for 
educators, and a highly technical discussion of the 
guidance process is not the intent of the book. 

Marion R. Bartlett 

The PsYCHOBioLOGiCAL Program of the War Ship¬ 
ping Administration. Applied Psychology Mono¬ 
graphs, Number J2. 

Edited by Goerge G. Killinger, mth a foreword by 
Captain Edward Macanley, and an introductory chapter 
by Justin K. Fuller. Published for the American Psy¬ 
chological Association by Stanford University Press, 
Stanford University; Ceojrey Cumherlege, Oxford Uni¬ 
versity Pressy London. |4.00 (cloth); $3.00 (paper). 
351 pp. 19 plates; text ill. 1947. 

This monograph describes the psychobiological phases 
of the responsibilities of the War Shipping Administra¬ 
tion during World War II. These responsibilities 
included an extensive program of selection, training, and 
maintenance of the large number of personnel operating 
the greater proportion of merchant vessels during the 
conflict. It is fortunate that this monograph has been 
published, since few people even in the field of psy¬ 
chology are aware that this program existed. It has 
not been as widely known as the similar work in the 
military services. The program was operated by the 
USPHS in conjunction with their legal responsibility of 
caring for the health of the Merchant Marine. 

The origin of the activities is presented, along with a 
general discussion of the purpose and function of the 
psychobiological aspects of the program. These in¬ 
volved procurement and selection of personnel, with 
most emphasis placed on the elimination of emotionally 
unstable individuals. Following selection, cadets "were 
placed in training schools either of an elementary train¬ 
ing nature or special schools for upgrading for specific 
skills or for officer material. One of the large aspects 
of the work was rehabilitation of mental casualties 
following the strain of severe operating conditions or 
battle action. This included rest programs and, where 
necessary, active therapeutic treatment. 

For purposes of selection a Group Personality 
Inventory and Personal Data Sheet were developed 
which served as the core of all screening. These are 
primarfly psychiatric inventories employed to eliminate 
the placement of potential psychotic and psycho¬ 
neurotic individuals in the crews of vessels subject 
to war conditions. The authors contend that after 
several revisions of the inventory they were able to 
establish a critical score that screened out 66 per cent 
of the neuropsychiatric subjects while only elimmating 
6 per cent of the normal .subjects. 

Section D''of'the report,''in. 6 chapters, presents a 
■ sampling .of thd characteristics of wartime' merchant 
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seamen, such as background, color training problems, 
literacy, etc. The area of hlental Hygiene activities 
includes educational methods, morale building pro¬ 
cedures, training for leadership, and the psychobiology 
of the purser-pharmacist’s mate who -was expected to 
help maintain the psychological health of the men at sea. 
The evaluation of the entire program is based on a 
complete record system and follow-up studies of the 
men who were selected, trained, and assigned to duty 
by the service. The report presents a thorough use of 
neuropsychiatric techniques applied to a specialized 
group of individuals under stress conditions- With 
careful variation, many of the techniques could be 
emploj^ed with other specialized groups of men needed 
in large number for such restricted duties. 

R. Y. Walker 



Modern Sex Lire. With Case Histories. Second 
Edition. 

By Edwin TF. Hirsch. Permahooks, New York. 

35 cents (paper), xvi -f 236 pp. 1949. 

This little book is a regrettable addition to the liter¬ 
ature on sexuality destined for popular consumption. 
In his chapter on tlie Kinsey Report, after glorifying 
it as having ^‘awakened great national interest” and... 
being ^‘great and monumental,” the author says that 
this *‘would not have been possible without the pioneer 
work of Freud. He -was the brilliant researcher, proved 
many of the illnesses of the mind w'ere caused by not 
living a wholesome sex life.” With this doubtful 
tribute to Freud, he goes on to show that he has only 
the faintest conception of the psychology of sexuality. 
An example of a pernicious doctrine to be spread 
wholesale among laymen is the assertion that during 
intercourse, if the female partner tends to be frigid, it is 
the male’s obligation to masturbate her by massage at 
the clitoris. True, the advice is not couched in such 
bald terms but that is exactly what it amounts to. 
This will show the extent of the author’s ignorance 
concerning sexuality, and the untold harm that may 
result from the propagation of such doctrines. There 
ought to be some "way to prevent the wide distribution 
of such books-' 

Wendell Mdncie 



The Psychology or Sex, „ 'Pdkan Books AIM. 

By Oswald Schwarz. Penguin Boohs, Barmonds- 
worth, MUMesex. ' Is. 6d. fyaper). 296 pp. ■ 1949. 
This is an excellent small pocket-book on the sexual 
function as an item in overall personality function, and 
it is to the atithor’s' credit ^that ..at no point does he 
deviate from sexuality in 'this light.' This'book can be 
thoroughly recommended.; It is^ full of wisdom, both 
for medicalpetsons and'the. laity, .and it .is to be as much 


recommended as the book Iw Hirsch (reviewed above) 
is to be condemned. Throughout the book there is an 
implicit or outright plea for the inclusion of the sexual 
life under the principle of morality, and while the au¬ 
thor’s view of morality may not suit certain rigid con¬ 
ceptions of the subject, it will find wide acceptance in 
medical circles. 

Wendell Mhncie 



PSYCHOSEXHAL DEVELOPMENT IN HeALTH AND DIS¬ 
EASE. The Proceedings of the Thirty-Eighth AiimM 
Meeting of the American Psychopathologkal Association, 
Held in New York City, June, 1948. 

Etdited hy Paul H. Hoch mid Joseph Zubin. Grime & 
Stratton, New York. $4.50. x + 283 pp. 1949. 
This volume probably contains more meat, more sense, 
and sheds more scientific enlightenment on the complex 
problems of psychosexualit}^ than the entire flood of 
reports, commentaries, case studies, and discussions 
that appears to have been the mainstay of publishers 
and printers for the last half-decade. It can be recom¬ 
mended to the readers of this Quarterly without reserva¬ 
tion and with the single qualification that it is not 
nearly long enough—a qualification that can hardly be 
made for most books today. 

The volume is a multi-disciplined survey in which 
the field of sexuality is exposed to the respective 
attentions of taxonomists, biologists, anthropologists, 
psychologists, psychiatrists, psychoanalysts, and soci¬ 
ologists. What emerges is a comprehensive and pano¬ 
ramic perspective of the field, literally a topography 
which, while it exposes more than anything the arid 
'wastes of our knowledge, occasionally reveals the 
gardens and orchards that have been well-tended. The 
first paper, in which the basic problem is stated, is by 
the authors of “The Report,” Kinsey et al. While it is 
somewhat pompous and didactic in tone, it performs its 
introductory function. Gantt, and then Beach, next 
expound pertinent biological data. C. S, Ford then 
informs us of the parallelisms that obtain as to sex 
mores among 150 cultures apart from our o'wn. At the 
end of this section, Kardiner objects that what has thus 
far been presented is dangerously misleading, 'and he' 
deplores work which .compares'human sex behavior 
■with animal behavior or draws unwarranted and un¬ 
tenable inferences from practices in primitive societies 
where the social contert in which 'such behavior takes 
place is so different from ours. 

'The' anthropologists, Henry, ,HaIloweli,. and Mead, 
command attention to their data m 'the second' section,. 
In the, third, R. L. Frank opens the psychoanalytical 
, discussion with an excellent summary of;Childhood 
Sexuality. Rado.foEows with a “rediscovery, of'',^the 
'obvious” ,and interestingly develops his'';adaptatioimi 
, view of sexual behavior, which, indud^,',a,i^xaittination'' 
■ of'' the Ibido theory. ' Ilnfortunately, ''this: afyicle sul^ 
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from too mucii condensation, and one -wishes Rado bad 
had more time to develop his thought. Bychowski is 
competent in an article dealing with psychoanalytic 
experience in the light of the Iowa researchers^ hndings. 
In an address, Knight correctly blasts the “strong-arm” 
methods of therapy with patients who suffer from 
psychosexual disorders. 

In the last section the sociologists, Burgess, Frazier, 
and hfurdock, have their say. Murdock’s paper sur¬ 
veys 250 societies. He finds intrafamilial incest taboos 
universal, premarital license granted among three- 
quarters of human societ}', and strikingly states that 
“our oivn sexual code is even more of an ethnological 
curiosity than is cannibalism or the couvade.” Dis¬ 
cussing this article, Kingsle\' Davis rejects the inter¬ 
pretations Murdock places on such data. 

All considered, the x\raerican Psychopalhological 
Association is to be congratulated for having assembled 
this material. I would, however, rebuke the publishers 
for not providing the volume with a more provocative 
title to insure a wider distribution. A book like this 
could be a much-needed antidote to the trash circulating 
today under the guise of science. 

Robert Lindner 



HlbMAN BIOLOGY 

Das religiose Weltbild einer fruiien Kultur. 

By Ad. E. Jensen. An§nsi Schrader, Stuttgart. DM 

12.50. xii d- 199 pp.; ill. 1949. 

This recent book of the well known Africanist, Director 
of the Frobenius Institute in Frankfurt, is rather re])re- 
sentative of the orientation of the majority of present 
day German ethnologists. Their approach is historical, 
that is to say, lhe\' approach a primitive culture 
primarily in order to understand its place and role in 
the prehistory of mankind, Jensen agrees in principle 
that phases of this history can be isolated in the form 
of “culture areas” or “cultural conies,” but is highly 
skeptical as to the validity of those “cultural cycles” 
reconstructed in the past by Frobenius, Graebner, 
Ankerman, Father Schmidt, and others. After under¬ 
taking a criticism of Frobenius, he feels that these 
reconstructions have so far been based on statistical 
work with heterogeneous, mostly material elements 
(studied in museums), and have therefore been con¬ 
demned to failure in view of the organismic quality of 
cultures. (This is the “gestalt” approach, entering 
German ethnology through Frobenius and Krause in 
the I920’s, D. S. anthropologj'- through Benedict, Opler, 
and others, in the 1930’s.)' Jensen bases his reconstruc¬ 
tion on mythology as being more likely to reflect central 
themes (patterns, configurations, the “Weltbild”—world 
view) of different cultures. He starts with the myth,of 
the' killing oLthe lunar goddess in West Ceram (Indo¬ 
nesia),; discovered by Mm'self, and marking the begin¬ 
ning of deathprocreation among men and the 


cultivation of plants. Many ceremonials, especially 
puberty ceremonials, enact this myth. Jensen finds 
the same myth and ceremonials in such different tribes 
as the Marind-Anim, Kiwai-Papuans, Khoad, Cali¬ 
fornian Indians, Uitoto, Pangwe, and Southern Rho¬ 
desians. He finds clear remnants of it in the Eleusiniaa 
mysteries, and other religious productions of high 
culture. These parallels that cannot be explained by 
psycholog>^ suggest the widespread existence of an early 
culture, introducing the domestication of plants and 
creating this particular myth. Jensen calls this 
“Kulturkreis” tentatively “lunar” and shows his rela¬ 
tions to earlier studies of Frazer, and to the “malayo- 
nigritic” (or “equatorial,” etc.) “Kulturkreis.” This 
short summary can by no means do justice to the 
perspicacity, caution, and insight of Jensen’s study. 
There is an English summary of 8 pages. 

Erwin H. Ackerknecht 



Ibo Village Atfairs. Chiefly with reference to ihe 
Village of Umneke Agbaja. 

By M. M. Green. Sidgudck and Jaeksan, London. 

10s. 6d. xii -b 262 pp. 4- 1 map. 1947. 

In the midst of the kingdoms of West Africa, well Imown 
for their high degree of ])oliticai organization, live 
nearly four million Ibo-speaking people, crowded to¬ 
gether in Southeastern Nigeria to the extent of 300 to 
1300 heads per scjuare mile, in a state of complete 
political atomism. The fact is an unusual challenge to 
the social scientist, and an unusual headache to colonial 
administrators. Through prolonged studies in an Ibo 
village, Mrs. Green has tried to ascertain those elements 
of social cohesion that permit a normal functioning of 
Ibo society in such unusual circumstances. Even in 
the village, which is the only political unit, authority is 
dispersed among groups rather than centralized in any 
individual or body. Kinship, religion, and markets 
are integrating factors. Strict exogamy combined 
with polygamy tends in the case of the Ibo to establish 
bonds beyond the village and to mitigate intervillage 
fighting. Women’s organizations, on a village basis 
as well as that of a common place of descent, play an 
important role. This most excellent monograph keeps 
up the high standards for which we envy the British 
school of cultural anthropology. It is equally attrac¬ 
tive because of its new and interesting data and its 
lucid and intelligent presentation of them. 

Erwin H. Ackerknecht 



Hortus Guaranensis. Gefmalidades. Segunda 

Parte. 

By Jidio S. Storni. GaUmte de MmhgmEi&UgicQy 
UniversMad Nmimai de Tmumdnj Tucumdfif Argen¬ 
tina. (Paper). 136 pp. 1948. 
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This is the second of 2 volumes dealing not with plants 
but with the etymology of the language of the Guarani. 
Among other things the first volume (1939) dealt with 
the toponyms, foods, institutions, etc., while the present 
one touches upon the physical organism, including its 
organs and functions, psychical faculties, diseases, etc. 
The main body of the work is an etymological account 
of Guarani mth an interpretation of each term including 
the Spanish equivalents. The author hopes that the 
study of this work, along with the several companion 
volumes in this series, may give some idea of the cultural 
state to which the Guarani had risen at the time of the 
Spanish Conquest. 

W. H. Hodge 



BIOMETRY 

The Science of Chance—F rom Probability to Sta¬ 
tistics, 

By Horace C. Levinson. Rinehart & Co,, New York, 

$2.00. viii + 348 pp. 1950. 

The science of statistics got its start from the questions 
which professional gamblers put to mathematicians 
three centuries ago. Levinson follows this historical 
route in his approach to statistics. The first 13 
chapters of his book are concerned with statistical 
aspects of games of chance—poker, roulette, lotteries, 
craps, and bridge. The last 6 chapters deal with 
statistics proper and with their use in a variety of 
applications, principally business. 

The Science of Chance is a revision of the author’s 
earlier book, Your Chance to Win, It is not a text on 
statistics, but rather a book about statistics and the 
theory of probability. Reading this book will not 
make anyone a statistician, but it will certainly leave 
him %vith a clear notion about the fundamentals of 
statistics and statistical reasoning. Even if the reader 
has no interest in statistics as such, he is almost certain 
to be fascinated by tlie lucid discussion of luck, gam¬ 
bling, and games of chance. The author’s treatment 
of the subject, incidentally, is almost entirely at the 
verbal level; formulae and numerical materials have 
been kept at a minimum. 

A, Chahanis 



BE OMNIBUS REBUS EX QUIBUSDAM ALHS 

Author’s Guide for Preparing Manuscript and Han¬ 
dling Proof. 

John WUey & Sons, New York. $2.00. xv + 80 
pp, 1950. 

It can be said without fear of contradiction that 
practically all editors of scientific journals and all 
publishers will agree when it is stated that a book such 
as this should be in the library of those who write for 


publication and, furthermore, should be regularly con¬ 
sulted. 

David B. Tyler 



Histologische Technik. Einf filming in die Technik 
der normalen and pathologischen Histologic fur 
Anfanger. Einfiikrung in die medizinische Labora- 
ioriumstechnik in Einzeldarstellungen, 

By Thilde Grobl. Verlag Wilhelm Matdrich, Wien. 

$5.40. viii + 201 pp. 1950. 

This is the second volume of a 2-volume series edited 
by Thilde Grobl and Maria Fischer-Grobl. The first 
volume (by the latter author), not reviewed here, is 
concerned with clinical-chemical methods of medical 
laboratory technique. The second volume is the usual 
indispensable handbook for the student or hospital 
technician, containing introductory chapters on the 
microscope, microtome, handling of materials, fixation 
and clearing, followed b}- specific techniques of staining 
and preparation. The book does not aim to be enc}*- 
clopedic, but it is representative and not all elementarj*. 
Many of the techniques are of recent origin or modifi¬ 
cation. Thus the Papanicolaou diagnostic technique 
for tumor cells is given, as well as a modification of it. 
Since the text is German, it is unlikely that it will be 
adopted for class use in this country, but it could be 
profitably employed as a reference book. 

Earl H. Neweomer 



Practical Section Cutting and Staining. 

By E. C. Clayden. Chemical PuUisMng Co., 
Brooklyn. $2.75. viii 4- 129 pp. -f 3 plates; text 
m. 1948. 

The author states in the preface of this book that it ‘Is 
written essentially for technicians with little or no 
experience in the various methods of preparing routine 
sections.... Covering the basic principles of histological 
technique, it is hoped that this book will be found 
valuable for those intending to sit the examinations of 
the Institute of Medical Laboratory Technology.” 
The author, being Senior Technician in a London 
hospital, would seem to l)e well qualified for such a' 
work, and his book testifies to his competence. 

The book should find a wider use than that hoped 
for by the author. Teachers could well use it for a text¬ 
book, and practicing technicians will learn from it some 
new or modified techniques. However, possibly its 
greatest value ior 'the latter lies in what the autlior 
refers to as' tips. These are observations as to why a 
thing won’t work, how to do it and why, things to cleave 
to or eschew,^ etc., those invaluable tidbits of. infornm- 
tion which often make the difference between a good or a 
bad preparation, or technician. 

The style is terse,, succinct, and authoritative, with- 
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out being dogmatic or conveying the impression that 
tills is the only way to do it. The book avoids the 
cook-book air of fiiiali4^ and orthodoxy, especially in 
the sections devoted to fixation and clearing, by dis¬ 
cussing the advantages and disadvantages of the re¬ 
spective techniques. Nothing of microscopy, staining 
in general, nor theory are included, the bulk of the book 
consisting of specific techniques for specific purposes. 
There are some line drawings and a few nice photo¬ 
micrographs. 

Earl H. Newcomer 



Laboratory Technique in Biology and Medicine. 
Second Edition. 

By E. V. Cowdry. The WiUiants & Wilkins Co.^ 

Bcdthnore. $4.00. vi -f 269 pp. 1948. 

The first edition of this well prepared, comprehensive 
manual was published in 1943 under the title Mi¬ 
croscopic Technique in Biology and- Medicine (cf. 
Q.R3.^ 19: 158). The present edition retains the origi¬ 
nal form and style but has been expanded considerably 
to include new methods which have come into use as a 
result of recent advances in physical and microchemical 
procedures. Many of the standard techniques also 
have been revised. In its new form it continues to be 
one of the outstanding manuals of Wstological tech¬ 
nique and should find even wider use than previ¬ 
ously. 

Mary E, Rawles 



Ce qu’il Faux Savoie sue le Monde Miceoscopiqxje. 
MUhodes de RScolte, d^Examen et de Priparation; Mements 
de Micro photo graphk. 

By L. /. Laporte. Paid Leclievaiier^ Paris. 400 fr. 
(paper). 315 pp, -f 24 plates; text ill 1946. 

This is a popular introduction to the varied uses of the 
microscope, intended for amateur microscopists. It is 
similar in general scope to the larger French works of 
Langeron and S6guy, but much less detailed. The 
text figures are of poor quality, but some of the plates 
of photomicrographs (diatoms, radiolarians, etc.) are 
excellent. 

M. J. D. White 



Le Microscope: Emploi d Applicatiom. Volume 11. 
Emyclopeiie Praliqm . du Natmroliste. XXXIV. 

\By E. Siguf. '•P&ul"'Le€!maIm^, Pans. 2,000 fr.,' 
Pp., 3214062:4-'99 plates; text ill 4949. 

This'is the^ ,s«ond volume of a^geneml work on^ mi¬ 
croscopical. technique, consisting; of numbered para¬ 


graphs dealing with technical methods of the most 
diverse kinds. In the present volume there are 1182 
such paragraphs devoted to methods for stud 3 dng 
particular groups of animals, histology, coprology, 
botan>q geologjq metallurg^q photomicrograph}^ micro¬ 
chemistry, etc. The arrangement of these sections does 
not seem to follow any orderly plan and the work as a 
whole is an uncritical compilation. IMany of the 
sections are too brief to be of real use to a serious in¬ 
vestigator, and a high proportion of the methods are 
somew'hat archaic. The bibliography of 38 pages is 
perhaps the most useful feature of the book. Following 
the text is an ^^atlas’^ of 200 expensively produced plates, 
12 of which are in color. Some of these are of mi¬ 
croscopes (Zeiss, Bausch and Lomb, Cooke Troughton 
and Sims, and other makers); the remainder depict 
microscopic ^‘objects” of the most varied kinds. The 
utility of these plates in a work of this nature is not 
obvious. 

M. J. D. White 



Optics. The Technique of Definition. A Focal Press 
Book. 

By Arthur Cox. Pitman Publishing Corp.^ New York. 

$^75. xii 4-412 pp.; ill. 1949. 

Biologists have come to rely heavily on photographic 
methods for recording all manner of data, and know that 
the lenses involved in such work are the most expensive 
part of the equipment. So many factors are possible 
variables in lens design, and the interrelationships 
among these factors are so complex, that each lens is a 
compromise planned for definite t 3 q>es of use. The 
nature of these compromises, and the w^ay in which they 
affect the manner of employing each lens for maximum 
definition, is the basic subject of this practical, straight¬ 
forward book. As such it will be of immense value 
among scientists. Tbe subtitle Technique of Definition 
indicates the direction in which Cox’s treatment is 
aimed. He discusses at length the “ideal lens” and its 
difficulties, the chief lens types, their variants and 
applications—always with a helpful comment on pos¬ 
sible interchangeabilities. Depth of acceptable focus is 
treated fully. Procedures in testing optical equipment 
axe outlined in enough detail to enable any careful 
experimenter to learn how far he may expect his lens 
systems to go in a number of directions. Chapters on 
Aids to Better Performance and on Accessories add a 
number of precise physical techniques to the general 
run of attachments and gadgets on the market, and 
indicate the benefits to be derived from use of each. A 
number of excellent tables, an abundance of pertinent 
line drawings, a .glossary, bibliography, and index 
extend further the .reference value' of this readable 
book. 

Lores J., & Margery J* M'ilne 
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A CRITIQUE ON THE PHASE THEORY OF LOCUSTS 

By K. H. L. key 

Dimsion of Entomology ^ Commonwealth Scientific and Industrial Research Organixation^ 

Canberra^ Australia 


I N the course of studies on. the ecology and 
epidemiology of the Australian Plague Lo¬ 
cust, Chortoicetes ierminifera (Walk.), extend¬ 
ing over a period of some ten years, the au¬ 
thor became increasingly convinced that the 
concepts and terminology of Uvarov’s Phase 
Theory were often so ambiguous and vague as to 
be prejudicial to clear thinking. It also appeared 
that the content of the Phase Theory had been 
gradually extended to cover phenomena which 
could be more profitably studied and described 
within a different framework and by a different 
terminology. 

These opinions were reinforced when the author 
undertook a study (unpublished) of adult phase 
differences in Chortoicetes ierminifera and the re¬ 
lated Austfoicetes cruciaia (Sauss.), and he was ac¬ 
cordingly led to make a critical reexamination of 
the Phase Theory on the basis of all the available 
literature. It is the purpose of this paper to record 
the results ' of that review.' 

In order to present in a readily accessible form 
the major part of the relevant factual material, it 
has b^n thought advBable to give a somewhat 
lengthy account of the history 'of the'development 
of the Phase Theory from its first publication up 
to 1947, at which time the manuscript of this paper 
was completed. This course seems all 'the more 
necessary;'Sifice many', of;ihe aspects to, which 
special t^erence will-ueed';'to^ be made' are^given 
little piofi|iuence:''''',in, ^eadsling accOunts^ of ■ the'' Pha^e 


Theory, The history is followed by a detailed dis¬ 
cussion of the basic concepts and terminology, and 
by the conclusions to which the analysis as a whole 
has led. Of papers published since 1947, those 
available to the author do not call for any revision 
of these conclusions. 

To avoid confusion between references to page 
numbers in other publications on the one hand, 
and cross references within the present paper on 
the other, round brackets have been consistently 
used for the former, and square brackets for the 
latter. 

HISTORICAL DEVELOPMENT OF THE PHASE THEORY 

The Period up to 192S 

The Phase Theory was first propounded by 
Uvarov (1921), following the failure of his attempt 
to provide a basis for the rigid taxonomic separa¬ 
tion, of the supposed species Locmta migratofia L., 
L, danica h*^ and L. migraiofioMes Rv'&.F. Al¬ 
though the theory was presented in outline only, 
■and'some of the ideas compris'ing it are now known 
to '.have 'been fallacious,. nevertheless .this'first 
.statement of the theory:'is important as indicatmg^ 
the dass of phenomenon which its originator in¬ 
tended it' to cover. The theory .was intended ^ to 
explain . “the'problem of; the 'iiitar-^relations 
migr^atoriafAdmim 

which' could not be':s^a»tai'sp^&^yLatt^ 

■ resented''“ta»nomic, units, of lower ©rade than the 
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species” (p. 153), connected by transitional forms. 
The names of various infraspecific categories were 
reviewed, and finally the term “phase” was chosen 
as the most appropriate by w-hich to designate the 
forms under consideration. The phases were des¬ 
ignated by the old specific names prefixed by “ph.”, 
or simply as the “gregarious phase” (or “swarming 
phase”) and the “solitary phase.” 

In their t 3 Tpicai development the phases were 
distinguished on the now well-known morphological 
and color characters of adults and nymphs, and 
on the degree of sexual dimorphism in size. With 
these physical differences are correlated biological 
differences, of which the chief are the gregarious 
and migratory behavior of migratoria and mi- 
grutorioidesy as against the non-gregarious, seden¬ 
tary behavior of danica. A supposed difference in 
embryonic development has not been confiirmed by 
subsequent observations. Phase migratoria^ and 
probably phase migratorioides, has characteristic 
and restricted “permanent breeding grounds,” 
whereas danica is much more generally distributed. 

Field observations by Uvarov, and laboratory 
experiments of Plotnikov, convinced Uvarov that 
in succeeding generations ph. migratoria can be 
transformed into ph. danica, and vice versa; that 
is, the progeny of typical migratoria can be danica, 
and the progeny of typical danica can be migtor 
tofia. Phase migratorioides was regarded as a fur¬ 
ther modification of migraioria in the direction op¬ 
posite to danica. The conditions responsible for the 
transformation were at this stage unknown, but it 
was suggested that transformation from the solitary 
to the gregarious phase was much favored, and prob¬ 
ably caused, by oviposition of the solitary phase 
under conditions like those of the permanent 
breeding grounds of the gregarious phase. When 
this takes place, the multiplication and eventual 
emigration of the locusts are favored, for “the 
gregariousness of the migratorioides phase is, of 
course, one of the causes of a rapid increase in the 
number of individuals and swarms..(p. 154). 
No grounck were given for the statement just 
quoted. After emigration, “the number of locusts 
in the breeding grounds drops suddenly to a mini- 
naum, and scattered swarms of the gregarious 
phase, as weE as the progeny of individuals of the 
solitary phase, cause the gradual increase in the 
number of swarming individuals, and after a few 
y^s a new emigration 'occurs”^ (p, ISS). From' this 
it is conduded' 'that ^,*the, periodidty of locust ,m- 
,TrMons is caused mit!rdy'hy,,the wonderful phe¬ 


nomenon of the transformation of a swarming 
locust into a solitary, harmless grasshopper” 

(p. 155). 

Observations of J. C. Faure, which Uvarov 
quoted, showed that two forms, quite analogous 
to the phases of Locusta migratoria, exist in Lo- 
custana pardalina (Walk.). These differ in their 
morphology, color, and behavior, and the ob¬ 
servations indicated that the solitary phase (ph. 
solitarid) can transform, in succeeding generations, 
into the gregarious phase (ph. pardalina). Ac¬ 
cording to Uvarov, this gave “very strong support 
to the theory of phases as a direct cause of the 
periodicity” (p. 159). 

In this early stage of its development, the Phase 
Theory is reducible to three basic propositions: 

1. In each of the locusts Locusta migratoria and 
Locustana pardalina there are two distinct 
forms of infraspecific status—the “phases”— 
which are connected by transitional forms, 
and are mutually transformable in successive 
generations. 

2. The transformation from the “solitary phase” 
to the “gregarious phase” takes place most 
readEy in the restricted “permanent breeding 
grounds” of the gregarious phase. 

3. The transformation of the phases is responsi¬ 
ble for the periodicity of locust invasions, be¬ 
cause the gregarious phase is capable of more 
rapid multiplication than the solitary phase, 
and is migratory, whereas the solitary phase 
is sedentary. 

It should be noted that the phases were defined 
on characters of structure and color, just like any 
other taxonomic unit, although it was pointed out 
that, as in the case of subspecies, there were inter¬ 
mediate forms that could not be assigned to either 
phase. The biological characters of gregariousness, 
etc., were clearly supposed to be closely linked 
with the physical characters, so that the former 
could be inferred from the latter, just as the bio¬ 
logical characteristics of a sufficiently studied 
species can be listed when the species has been de¬ 
termined on diagnostic physical characters. On no 
other assumption would it be possible to ascribe 
the periodicity of locust invasions to the transfor¬ 
mation of phases, when phases are defined on 
physical characters. However, it is implied that,, 
to merit the appeEatxon “phase,” an infraspedfic 
category must posses the distinctive relation to 
the opposed but mutually transformable states of 
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migratory gregariousness and sedentary isolation, 
respectively. 

In his second paper dealing with phases, Uvarov 
(1923) suggested that the forms previously recog¬ 
nized as Acridium flaviventre Burm. o^ndAcridium 
coangustahm Lucas represent the respective soli¬ 
tary phases of the species Schistocerca gregaria 
Forsk. and Nomadacris septemfasciata Serv,, since 
they were always found singly, and bore much the 
same morphological relation to the forms of these 
species found in swarms as the solitary phase 
bore to the gregarious phase in Locusta and Lo- 
custana. These suggestions have been confirmed 
by Johnston (1926) and others, and observations 
on other species of locust by numerous authors 
have demonstrated in all of them the same poly¬ 
morphism, bearing the same relation to gregarious- 
ness and migration. 

Faure (1923) showed, by cage experiments on 
Locustma pardalim, that the cause of phase trans¬ 
formation, about which Uvarov had been uncer¬ 
tain, is the degree of crowding of the nymphs. 
That is, nymphs with the coloration of the gre¬ 
garious phase (Faure used the term ‘^swarm 
phase’’) develop the coloration of the solitary 
phase, after one or more moults, if they are sepa¬ 
rated from their fellows and maintained in isola¬ 
tion or near-isolation; and solitary phase nymphs 
develop the coloration of the gregarious phase if a 
large number are confined in one cage. This con¬ 
clusion was fully substantiated by more detailed 
experiments (Faure, 1932), on the same species, 
and on Locusta migratoria and Schistocerca gregaria, 
and has been confirmed by many other authors 
for the same and other species. It permitted a 
dearer definition of the process of transformation 
in the field, which consisted (Faure, 1923) in a multi¬ 
plication of the solitary phase in the ‘‘natural 
breeding grounds” of the locust, and the gathering 
of the insects into loose swarms, in which the trans- 
fomiation of color, and thus of phase, took place 
as in the cage experiments. Faure adopted essen- 
tiaEy the same attitude as Uvarov with regard to 
the connection between phase transformation and 
the periodicity of outbreaks. He stated (1923, p. 
21): “As Dr. Uvarov has well pointed out, the 
insect succeeds in maintaining itself during the 
years when no swarms occur, by living as a soli¬ 
tary grasshopper. As far as our brown loaist is 
concerned," this explanation nf its periodic abun¬ 
dance is no longer a theory but an established 
fact.” ; 


In the same paper of 1923, Faure called atten¬ 
tion to the fact that the progeny of the gregarious 
phase can be distinguished from that of the soli¬ 
tary phase immediately on hatching by its black 
color, which had thus been “inherited” from its 
parents. 

In his book Locusts and Grasshoppers, Uvarov 
(1928) summarized the findings of himself and 
others with regard to phases in locusts, and dis¬ 
cussed various criticisms of the Phase Theory that 
had meanwhile been published. At the same time 
he offered certain new suggestions with regard to 
the mechanism of phase transformation and its 
relation to the periodicity of outbreaks. In this 
publication we find the first hint of an inconsistency 
with regard to the definition of phases which has 
since become much more serious and confusing. 
Thus on p. 147, and again on p. 159, the conception 
of phases was introduced in the same way as m 
previous papers, emphasis being placed primarily 
on structural and color differences, with which the 
biological differences were assumed to be corre¬ 
lated. But on p, 167 we find the statement .. it 
must never be forgotten that the main and prin¬ 
cipal difference between the phases lies in their 
bionomics, while their morphology is only the 
apparent result of some deep physiological differ¬ 
ences.” 

Starting from the observations of Faure (1923) 
and Plotnikov (1927) that phase transformation 
depends upon population density, and with the 
general observation of much greater locomotor ac¬ 
tivity in. the gregarious phase, Uvarov suggested 
that the prominence of black pigment in the hop¬ 
pers of the gregarious phase should be ascribed to 
the accumulation of certain metabolites as a re¬ 
sult of the high activity. Further, the black cuticu- 
lar pigment would increase the body temperature 
of such hoppers and thus lead to stiff greater ac¬ 
tivity, so that a “vicious circle” would be formed, 
and “the species involved in it must progress in 
the direction of further development of the Swarm¬ 
ing phase” (p. 161). Also, because the gregariouS' 
phase appears as a consequence of crowding, and 
gregariousness implies the maintenance of crowd¬ 
ing, “this process can only increase In intensity, 
and not decrease, no matter what the other condi¬ 
tions are ,., ” (p, 161).' Transformation into the 
gregarious phase leads to emigration.'Since “as a 
rule only such'years of migration arid; of ^ tihe ap- 
■ pearance 'of swarms in unusual regions- are recorded' 
as .the years-of .appearance of .locusts, and th^ 
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serve to calculate tke periodicity” (p. 161), it 
therefore f ollowed that phase transformation was re¬ 
sponsible for the periodicity. However, there are 
several indications in the book that Uvarov also 
believed that transformation into the gregarious 
phase results in an increase in reproductive po¬ 
tential, and thus in an accelerated increase in the 
gtmral population level, not merely a local in¬ 
crease in population resulting from migration. This 
would be in agreement with the views already 
quoted from his 1921 paper, and may be illustrated 
by the statement (1928, p. 248): ‘h4n increase in 
numbers is followed by the appearance of the 
swarming phase, and the curve [of numbers] starts 
to rise suddenly. Then an emigration follows... 

In a later contribution on the subject (Uvarov, 
1937, p. 11), this point of view" was abandoned. 

Uvarov’s book proved a tremendous stimulus to 
locust research all over the w"orld, and an in¬ 
creasing number of papers on phases was pub¬ 
lished every year, reaching a maximum between 
1934 and 1939. These studies resulted in much 
elaboration of detail, but contributed few really 
fundamental ideas to the Phase Theory", w"hich 
may be said to have reached maturity with the 
publication of Uvarov^s book. It will be conven¬ 
ient to study this later history under the follow¬ 
ing three heads, representing natural divisions of 
the accepted held of the theory: 

1. the characterization and differentiation of 
the phases; 

2. the mechanism of phase transformation in 
the field and the laboratory; and 

3. the relation of the phases to the develop¬ 
ment of outbreaks and their periodicity. 

Charaderizaiimt and Dijereniiatim 
of the Phases 

In a general discussion of locust phases and their 
interrelations, Uvarov and 2!k)lotarevsky (1929) 
moved still further from the original mainly mor¬ 
phological conception of phases. They stated (p. 
■■261):, ^^Bioiogical 'differences are, of .course, of 
primary importance, but the conception of phases 
in the minds of most workers remains mahfiy 
morphological, and they are trying to find absolute 
;'«fc 3 radters, in the structure and color' that would 
en^hle'one to refer each'specimen'to a'definite 
phase.” 'They referred to^ the phase ^of, a, spedes 
as its ‘^biological status,” and elsewhere spoke of 
**bidlag|cal phases? (p. 263). Also:, would he 
ftttSe to attoapt to idm0y phases'of locusts,on. 


the bases of the morphological and color characters 
of the specimens” (p. 264). How^ever, these stric¬ 
tures are not directed so much against the use of 
physical criteria in separating the phases, as against 
their use in species or subspecies for which the 
physical characteristics of swarming and non- 
swarming material have not yet been properly 
established. 

In accordance with their trend away from the 
taxonomic aspect of phases, Uvarov and Zolo- 
tarevsky proposed the use of the now widely ac¬ 
cepted general terms, solitaria, gregaria^ and Iran- 
siens, to be applied to the phases of ail locusts 
wdthout regard for nomenclatural priority. Al¬ 
though these terms were not regarded as taxonomic 
in the ordinary sense, they were latinized and 
printed in italics. ^^Fhasis solitaria'^ was to be ap¬ 
plied to “the extreme form” represented by iso¬ 
lated individuals that could have had no immediate 
swarming antecedents, and ^‘phasis gregariU^ to 
“the extreme form found in dense, large, emigrat¬ 
ing swarms.” ^^PJmsis iransiens’^ w"ould cover ah 
the intermediate forms occurring “when the species 
is on the increase and its individuals are beginning 
to form- loose aggregations, or on the decrease^ 
and the swarms are becoming loose and tend to 
scatter..(p. 262). It w^as subdivided into ph. 
cmigregans and ph. dissocians, terms that could 
be used in place of transiens when the direction of 
change of the phase of the material "was knowm. 
Uvarov’s original ph. migratorioides became the 
ph. gregaria of a distinct subspecies migratorioides 
R. & F. within Locusta migratoria, of -which other 
subspecies were also recognized. 

Zolotarevsky (1929), in a study of the phases of 
Locusta migraioria migratorioides and L, migratoria- 
capito Sauss., determined the length of the tegmen,, 
and the values for the ratios of length of tegmen 
to length of hind femur (E/F), width of pronotum* 
at the point of greatest constriction to greatest 
breadth of head (M/C), and height of pronotum 
to greatest breadth of head (H/C), for a number of 
series of locusts classified as gregaria and soUtaria^ 
respectively, and on the/basis of these ru'easure- 
ments he Characterized the twO' phases by mean 
values for 'the ratios, and by' ranges' of,; the ab¬ 
solute, valu^ for tegmen length. It is not dear 
upon what basis the initial classification into 
gfe|[aw,and solUaria was made. Uvarov '(192'!) 
had classified, md'damm material on 
, physical characters, sd^'that the mean values of his 
two ratios ,for,''“all''and /‘ah migratma^* 
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could only be regarded as giving quantitative pre¬ 
cision to this classification without changing the 
basis of it. Zolotarevsky, however, especially 
in view of the emphatic statements of Uvarov 
and Zolotarevsky (1929), probably classified his 
material in the first instance according to whether 
it came from swarms or from non-swarming pop¬ 
ulations without immediate swarming antecedents. 
In that case, his tables represent a genuine cor¬ 
relation between the degree of gregariousness 
and physical characters. The phase gregaria was 
found to have an E/F ratio always greater than 
2.0. Phases soUtaria and iransiens were not sep¬ 
arated morphometrically. Zolotarevsky also in¬ 
troduced a method for distinguishing the phases 
congregans and dissocians on their physical char¬ 
acters, which he elaborated in subsequent papers. 

N. B. The symbols used in the present paper for 
various bodily dimensions are those recommended by 
the Third International Locust Conference in 1934, 
and do not necessarily correspond with those used by 
the authors whose work is discussed. 

Faure (1932) showed very clearly that he re¬ 
garded the phases as the morphological and color 
forms appropriate to locusts living in swarms and 
in isolation respectively. Thus he stated (p. 299): 
^The phase soUtaria is the form [italics mine] living 
in isolation ... and the type [italics mine] found in 
large swarms is called the phase gregariaF Again 
(p. 302), . attempts were made to produce the 

phase gregaria out of soUtaria in three different 
Avays.... The results of these experiments may be 
judged by two different standards: the coloration 
of the hoppers, and the biometrical measurements 
of the adults.” These are only isolated quotations, 
but the same point of view pervades the whole 
paper, as well as all subsequent publications of 
Faure (1933, 1935, i943a, etc.). In view of this 
emphasis on structure and color in the definition 
of the phases, it is of interest to note that Uvarov 
(1937) was able to say of Faure^s experiments that 
they had “established the existence of phases as a 
definite fact” (p. 1). As standards of comparison 
in determining the effect of his experiments on the 
adult phase characters, Faure used morphometric 
•data from two main sources, namely, isolated in¬ 
dividuals taken at widely separated localities over 
a long, series of years,'and specimens “of the ex- 
'Ixeme swarxhing phase” From a number of swarms 
from 'different outbreaks. Unfortunately, selection 
was made among'the,material from swarms on the 


basis of morpholog>^ Thus material from “swarms 
of adults that were encountered during the last 
four or five years” was not used, because these 
svrarms “ail consisted of insects of the iransiens 
type [italics mine]” (p. 312). Because of this double 
criterion used in classifying his basic material, the 
mean values obtained for the two groups cannot 
be regarded as giving a pure correlation between 
degree of gregariousness and physical characters, 
but represent, to some extent at any rate, merely 
a more precise, numerical statement of the original 
basis of classification. 

It will be noted that Fame’s basic standards do 
not show the range of variation that can be ex¬ 
pected to exist between the means of different 
series of isolated specimens, and between the means 
of series from different strongly migrating swarms. 
All the data are lumped into the two categories, 
yielding means which are attributed to “extreme 
solitarW^ and “extreme gregaria^^ respectively, 
whereas actually they can only represent “average 
soUtaria^* and “average gregariaF The failure to 
give any indication of range made it impossible 
for Faure, and later for du Plessis (1939), to state 
w^hether any given series of locusts, either col¬ 
lected in the field or bred in the laboratoiyq had 
actually reached a condition that could be called 
soUtaria or gregaria, and Faure had to content 
himself with such expressions as “varying strongly 
towards gregaria^ etc. 

Faure’s work demonstrated the great importance 
of absolute size, of which tegmen length was used 
as an index, as a phase character in Locusiam 
pardalina, and the fact that the ratio E/F was 
less useful than any of the others in distinguishing 
the phases of this species. It showed also that in¬ 
dications given by the color of the hoppers and 
the morphometric characters of the adults were 
not very closely correlated. Thus the hoppers of 
one series of Locustana were recorded as 99 per 
cent gregaria, whereas the adults produced from 
them were only about half way solitmm^ 
gregaria on the criteria of tegmen length and E/F. 

■In a further study of phases in Locusta migraSoria^ 
capUo, Zolotarevsky ,(1-933); introduced''themew' 
ratio: length of pronotum/greatest width of head 
'(P/C). He adopted E/F ds the main criterion'in 
classifying his material with regard to phas’e, and 
regarded the other' ratios, ,as , providing supple¬ 
mentary evidence,'However,'the variation'"Of the 
pronotal ratios was not dosely corrdated with, the; 
■variation of E’/F.' Zolotarevsky ;was able'to' show 
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that locusts submitted to low humidity during 
their development have a higher E/F ratio than 
those reared at continuously high humidity, al¬ 
though the difference is not nearly as great as that 
between the phases. The pronotal ratios are not 
affected unless the period of dryness is prolonged. 
Further, brown individuals reared under humid 
conditions have a higher E/F than green in¬ 
dividuals, although there is no difference in the 
pronotal ratios. Brown individuals submitted to 
prolonged dryness show a greater lowering of the 
pronotal ratios than green individuals similarly 
treated. These observations are important as show¬ 
ing that the chief distinguishing characters of the 
phases are subject to modiffcation by factors other 
than population density. Similar observations were 
subsequently made by a number of other authors. 
This immediately introduced complications in the 
characterization of the phases. Zolotarevsky pro¬ 
posed to regard as “t 3 q)icar’ soliiaria only such 
locusts as had certainly developed in isolation, and 
had not been subjected to prolonged dryness. Such 
individuals showed a mean value for E/F consider¬ 
ably lower than the value previously adopted for 
phase sditaria (Zolotarevsky, 1929). Nevertheless 
(p. 130), locusts in which E/F had been elevated 
by dry conditions into the range characteristic of 
ph. congregans should still be regarded as solitaria 
(presumably not ‘TypicaF^ if they had certainly 
developed in isolation, ^^d’autant plus que la con¬ 
ception de la phase cmgregans coniporte la condi¬ 
tion de i^accumulation des larves, aboutissant ou 
non au comportement gr^aire.’^ 

At the Third International Locust Conference 
held in London in 1934, methods of calculating 
average morphometric ratios for series of speci¬ 
mens, in connection with phase studies, were dis¬ 
cussed, and the following resolution was carried 
(see Conference Proceedings, Resolution 3(e)3): 
^'The true average ratio is obtained by calculating 
the ratio of the totals of the actual measurements 
and not the average of the individual ratios.” This 
statement has been quoted with approbation by 
several subsequent authors (e.g., Lean, 1936; Jan- 
none, 1938), sometimes with reference to the Con¬ 
ference resolution as their authority, and some¬ 
times without. Other authors (e.g., Rubtzov, 1935; 
dm Plessis, 1939; Lea, 1938) have tacitly disre¬ 
garded it, and used the average of the individual 
ratios. my. knowledge it has never been openly 
'dialehged. It was rep'&tted unchanged as Resolu- 
' tion’4'(b):of the .Fourth Intenmtfenal Locust Con¬ 


ference, Cairo, 1936. The validity of the state¬ 
ment will be examined in a later section of this 

paper [p. 390]. 

Michelmore and Allan (1934), in a study of the 
phases of Nofnadacris sepiemjasciata^ classified their 
adult series into gregaria and tmnsiens according 
to its degree and history of gregariousness, and 
based all their series means upon individual ratios. 
This permitted the calculation of the standard 
errors of the means, from which the significance of 
differences between series could be determined. In 
this respect the procedure of these authors was the 
most satisfactory since Causers (1928) statistical 
analysis of the data on Lomsta migmtoria col¬ 
lected by Uvarov (1921), Plotnikov (1927), and 
Makalovskaja (1925). However, Michelmore and 
Allan did not attempt to characterize the two 
phases by either ranges or means for any of the 
measures they employed. They pointed out some 
remarkable color variations in the adults, which 
were to be ascribed partly to phase differences and 
partly to ageing, and recalled the earlier observa¬ 
tions of Johnston (1926) on color changes in adult 
Schistocerca gregaria. In the latter species young 
adults produced from swarming hoppers are pink, 
while those produced from non-swarming hoppers 
are gray. 

Johnston (1934), without quoting supporting 
data, gave the following E/F ratios for Lomsta 
migratoria migraiorioides: ph. solitaria^ L70"L80; 
ph. transiem^ 1.80-1.90. Presumably ratios above 
1.90 were regarded as gregaria. This was the first 
attempt to give limiting ranges for aU three phases 
of any locust. 

Pasquier (1934), in a paper on Dociostaurus mar- 
occanus Thnb., introduced the new measure, width 
of mesostemum (S), and showed that the ratio 
E/S provides a wider contrast between material 
from swarms and non-swarming populations than 
any other ratio. 

Rubtzov (1935), in a paper entitled ^Thase 
Variation in Non-swarming Grasshoppers,” was 
the first author to extend the concepts of the Phase 
Theory to insects other than the gregarious locusts. 
However, although he referred to the species 
studied as '^non-swarming” and "non-gregarious,” 
he stated Aeropus sibiricus L. "has been oc¬ 
casionally observed to fly in swarms” (p. 500), and 
that all of six species in which phase variation is 
quite noticeable (including ChoriMppm alhomar- 
ginalm de Geer, on which most of his observatioBs 
were made) "may occur in bands” (p. 500). It is 
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possible that he was not using the term “band*^ 
in the accepted sense, and meant only a dense 
patch of the insects in which true gregariousness 
was not exhibited. 

Rubtzov noted that in Chorihippiis albomar- 
ginatus considerably more black pigment is present 
In hoppers and adults from dense populations than 
in those from sparse populations, and that in rear¬ 
ing experiments the amount of black pigment could 
be varied by varying the density of the hoppers 
in the cages. He termed the darkest individuals 
'^^gregaria,^ the palest ‘^solitaria” and intermediate 
t 3 ^es ^HransiensP This is an extreme example of 
the ^^physical” approach to phase differentiation, 
and a clear departure from previous practice, in 
which the phase gregaria was always taken to be 
the form occurring in dense, gregarious swarms, 
even if it was subsequently defined on morpho¬ 
logical and color characters and recognized by 
these. There is no reference to gregariousness or 
swarming in any of the material analyzed by 
Rubtzov. Moreover he states (p, 512): . in the 

field in the extremely dense populations... not 
more than 70-80% of the individuals can be 
classified as ph. gregariaP It is clear that Rubtzov^s 
^‘phase gregariU’ was applied to insects which 
might be regarded as ph. iransiens under the ac¬ 
cepted terminology, but certainly not as ph. gre- 
guria. 

In determining what morphometric characters 
were to be associated with his phases, Rubtzov 
made a phase classification of mixed adult ma¬ 
terial on the basis of coloration, and computed 
means for E, F, and E/F for the resulting groups. 
Phase ^‘gregaM^ was found to be larger than 
phase ^‘soUtarm,^^ with a higher E/F ratio. Rubtzov 
admitted (p. 515) that this procedure is ‘fiot quite 
correct,” inasmuch as it only establishes a correla¬ 
tion between the color classification and structure. 
Afterwards, more or less by way of confirmation, 
mean measurements and ratios were calculated for 
adult material from dense and sparse field popula¬ 
tions, and it was shown that the former had the 
higher values. In the morphometric work the mean 
•of the individual ratios was used, permitting the 
calculation of the standard error of the mean, and 
the determination of the significance of differences 
between groups. 

Chopard (1935) demonstrated the existence of 
phase variation in an entirely different family of 
drthoptera, namely in the Tettigonildae. In Bar- 
idiistes fischeri,Ttxsm and Ofpkania im^icauda 


Charp. abnormally dense adult populations have 
occurred from time to time in France, and in these 
populations ver>^ dark forms are common. It has 
not been stated whether the insects show actual 
gregariousness, but they are more active than those 
of sparse populations. In the case of Barhilistesj 
the dark form had been described as B, herenguieri 
Valery-Mayet. Chopard contented himself with 
concluding that these forms were an example of 
phase variation analogous to that in locusts, and 
did not attempt to apply the phase terminology. 

Lean (1936) explored methods of separating the 
phases of Locusia^ especially congregam and dis- 
socians, on morphological and color characters, 
and gave rough ranges and means for solUaria^ 
gregaria^ and congregans. He attempted to use a 
“phase graph,” in which tegmen length was plotted 
against femur length for equal ranges of E/F, as 
the basis of a separation between the phases Ms- 
socians and congregans. Although his conclusions 
could not be confirmed by later workers (cf. du 
Piessis, 1939; Kennedy, 1939), the curves them¬ 
selves show a number of points of interest. Thus, 
within the males of any one series of locusts, taken 
at one time and place and of uniform origin, those 
individuals with the highest E/F ratio show a re¬ 
duction in the absolute value of F, and may even 
show a reduction in E; whereas, if vre compare 
males of different series, those series with the 
highest mean E/F have the highest mean values 
for E and usuahy for F. 

In a study of Locusia migratoria manilensis 
Meyen, Uvarov (1936) presented morphometric 
data for a number of series from different localities, 
which he assigned to one or other of the phases. 
By averaging the data for these series under the 
headings of gregaria, iransiens, and soUtaria, he 
obtained mean values for each phase, which he 
then used in a comparison of manilensis with the 
other subspecies of L. migraioria. Unfortunately, 
in most of the series assigned to one or other phase, 
no indication is given as to whether the material 
was'derived from swarms or'from a non-S'warming 
population, and several statements show clearly 
that the structure of the bisects had been used as 
the main criterion in classifying them. Thus we 
have the statement (p. 102): “Some specimens of 
the ph. iransiens from Annam have been received 
...but without any definite data as to their 
origin.” In' Malaya' “a small indpient outbreak' 
■■ occurred .. in 1930'... the adultS; 
he {italics mine] of the ph. trmmms, ,'.(p. ^ 101). 
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Even cage-bred material has been classed as 
tramiensT All these series have been included in 
Uvarov’s table (p. 93), so that the morphometric 
characters of the phases of this subspecies are 
derived largely from material classified on the very 
basis which the table itself is supposed to establish 
for the first time. This procedure is in conflict 
with the recommendations made jointly by Uvarov 
and Zolotarevsky (1929) with regard to the im¬ 
portance of establishing the biological status of 
material of each subspecies before any attempt is 
made at a morphometric characterization of its 
phases. 

Similar objections apply to certain statements 
made b}^^ Uvarov and Hamilton (1936) wdth re¬ 
gard to morphometric characters in an Algerian 
race of Locusta migraioria. They stated, for ex¬ 
ample, (p. 87): .. in the Ft most of the ratios 

approached very closely those t^’pical of the ph. 
gregdfiaT Since the Algerian race is not known to 
swarm, and its subspecific position could not be 
established even after the work here described, it 
is difficult to see on what basis the above state¬ 
ment could be made. [This race was subsequently 
referred to X. migratoria cinerascens F., by Capra 
(1946).] 

Husain and Mathur (1936b) showed that the 
typical color pattern of the phase gregaria can be 
produced in isolated hoppers of Schistocerca gre¬ 
garia by an excess of CO 2 in the atmosphere of 
the breeding cage; but such individuals, upon be¬ 
coming adult, show the moiphometric ratios char¬ 
acteristic of the phase soUtaria. In a second paper 
(i936a), the same authors characterized the types 
of hoppers produced under diSerent experimental 
conditions of isolation or crowding as green type,” 
^‘intermediate type,” or “black type,” and thus 
avoided committing themselves to all the implica¬ 
tions involved in the use of the phase terminology. 

Butler and Irmes (1936) showed that in Locusta 
migraiofia the basal metabolism of phase gregaria 
is almost double that of phase sditaria, Strelnikov 
(1936), working on the same species, showed that 
ph..has a lower specific gravity than ph, 
soIMana, partly because of its lower water content, 
and partly because of the greater development of 
■air. sacs in the tracheal .'S 3 ?st€ini,' , , 

„ ..Key (1936),. a ffieoretical discussion of'ac¬ 
tivity in crowd9d'.:^d;.isolated.lo.custs, suggested 
that the most.sighificaht'^dlfffei^^ce 'between the 
phases was in nervous.:excitabffify,.or irriubffi 


This concept was confirmed and extended by 
Kennedy (1939) and Volkonsky (1942). 

At the Fourth International Locust Conference, 
held in Cairo in 1936, two resolutions were passed 
which are of interest from the point of view of 
this discussion (see Conference Proceedings, 1937). 
Resolution 2 (1) reads as follows: “It has now been 
established by scientific research that a number of 
species both of locusts and of grasshoppers occur 
in two phases each of which is capable of trans¬ 
forming itself into the other. The first of these 
which is relatively harmless, is the solitary phase 
{ph. soUtaria), the second, which is dangerous, is 
the gregarious phase (ph. gregaria) T This resolu¬ 
tion implies endorsement of Rubtzov’s use of the 
term “phase gregaria^’ with reference to the dark, 
long-winged forms found in dense populations 
of (non-swarming) grasshoppers—^notwithstanding 
that the currently accepted definitions of “phase 
gregarid’ (Uvarov and Zolotarevsk}^, 1929) and 
of “grasshopper” (Uvarov, 1928, p. vii) were not 
compatible with such use. 

The second resolution of interest is Resolution 8, 
of which section (1) reads as follows: “It has long 
been known that scattered individuals of different 
locust species referable to the gregarious phase by 
reason of their structural characters, have been re¬ 
peatedly found in the absence of swarms.” The 
implication of this resolution is that, once the 
structural characters typical of individuals of a 
given species from dense migrating swarms are 
known, then the phase gregaria is defined in terms 
of those characters, and individuals possessing 
them are identified as ph. gregaria even in the com¬ 
plete absence of swarms. It is not clear whether 
the meaning of the resolution was intended to in¬ 
clude the possibility that these scattered gregaria 
had never at any time been members of a swarm, 
but the remarks of Johnston (1937, pp. 2-3) cer¬ 
tainly carry this suggestion. He reported the oc¬ 
currence, in several different species and on several 
different occasions, of scattered individuals 0 ! ph. 
gregaria in places where no swarms had been re¬ 
corded. This suggested that factors other than 
crowding may lead to the production of ph. 
gregaria. The tendency of later work has been to 
interpret such observations as indicatiiig individual 
migrations by locusts that had developed in swarms 
elsewhere (cf. Waloff, 1940..;' Br6do, 1945).' Even on 
■ this basis, it h dear that'' gnegariousness can no 
longer be accep'ted' as m' invariable .character' 'of 
' ph... ^egarm, .nor' can long-d'istance.'migration 'be' 



PHASE THEORY OF LOCUSTS 


371 


regarded as inevitably dependent on gregarious¬ 
ness. 

The first suggestions of long-distance migration 
by solitary locusts had come from Zolotarevsky, de 
Lepiney, and Dupont (1934), and Rao (1935). 
Further evidence, for both Schistocerca gregaria 
and Locusta migratoria^ was provided by Rao 
(1937, 1938a). At first it was not clear from the 
accounts whether these “solitary’^ locusts possess 
the morphometric characters of phase soUtaria, 
but this was placed beyond doubt by Rao and 
Bhatia (1939), Waloff (1940), Rao (1942), and 
Volkonsky (1942). 

In a discussion of the cycle of events leading to 
outbreaks of Locustana pardalina^ Faure (1937) 
stated (p. 804): 'Tf the population is dense enough, 
compact swarms may be formed, and the transi¬ 
tion into swarms may be said to be complete, al¬ 
though a critical study of the phase characters of 
the locusts would show that the swarms are com¬ 
posed of a mixture of soUtaria, gregaria and transi- 
tioml forms.’’ Thus, not only can phase gregaria 
behave in a non-gregarious manner, but dense 
swarms can contain numerous individuals of phase 
solitaria. Subsequent observations by Kennedy 
(1939) showed that the mean morphometric ratios 
of a migrating swarm produced early in an out¬ 
break cycle of Schistocerca gregaria were lower than 
the ratios of ^^extreme solitaria^^ studied by him, 
and similar (unpublished) observations have been 
made by the author on Chortoketes ierminifera 
(Walk.). 

Rao (1937) suggested a characterization of ah 
three phases of Schistocerca gregaria by ranges for 
E/F, solitaria having values of 2.05 and below, 
iransiens 2.06“2.15, and gregaria 2.16 and above. 

Zolotarevsky and Murat (1938) showed that in 
Schistocerca gregaria isolated specimens from the 
dry interior of Mauritania had a higher E/F 
ratio, and lower sexual dimorphism, than specimens 
from themoister coastal districts, i.e., they varied 
more towards the ratios typical of transiens. All 
these specimens were from sparse populations with 
no immediate swarming antecedents, and the ob¬ 
servations confirmed those made earlier by Zolo¬ 
tarevsky (1933) on Locusta^migraioria capko; they 
were repeated by Murat (1939). The females were 
more sensitive in their morphometric reactions to 
such climatic differences than the males. 

VO'Ikojisky'';(l938) crowded' sexualy immature 
adults of the phase sMtarm oiScMstocerm gregaria, 
and found that they developed the yeiow coloration 


t 3 q)ical of phase gregaria as they matured. Of their 
progeny, 70 per cent were black, Le,, phase 
Volkonsky regarded this as a change of phase in 
the adult stage, although the structural characters 
were of course unaltered, and characteristic of 
solitaria. 

Lea (1938), working on Nomadacris septem- 
fasciata, observed that individual (healthy) locusts 
are liable to drop out of swarms over areas of 
grassland. Such locusts, now isolated, very rapidl}?' 
acquire the coloration and the shy, sedentary be¬ 
havior t 3 q>ical of the phase solitaria, while retain¬ 
ing the high E/F ratio characteristic of gregaria. 
Instead of describing this as a change of phase, as 
Volkonsky (1938) had done in analogous circum¬ 
stances, Lea introduced the term ^^solitary-living” 
to describe locusts of either phase that exhibit the 
coloration and habits typical of that mode of life. 
He also found that solitary-living locusts may be 
taken up by passing swarms, in which case colora¬ 
tion and behavior are lapidh’ transformed into 
those characteristic of swarming locusts. More¬ 
over, adult solitary-living locusts . . may, at 
any time, congregate, and ... this congregation is 
not confined to locusts of any particular morpho¬ 
logical constitution” (p. 15). Thus the general be¬ 
havior of adults is largely independent of their 
morphometric characters. In his morphometric 
comparisons Lea used the means of individual 
ratios. 

Zolotarevsky (1938b) found that solitary-living 
adults of Locusta migratoria migratorioides of the 
ph. gregaria behaved in the same way as ph. soU- 
iaria in their response to microclimate, but also 
undertook more extensive movements in response 
to humidity differences at a distance of several 
kilometres. In an examination of morphometric 
and color differences between adults of the phases 
congregans and dissocians, he classified his material 
in the fiirst place on the degree of gregariousness 
of the hoppers from which the adults were produced, 
and on whether the gregariousness was increasing 
or decr>easing. Frequency distribution curves for 
E/F for such ^Hransiem^^^ series showed two peaks, 
one at the mean value for ph. solitaria, the other 
at the mean' for ph.^ gregafia. The lowest numbers 
occurred in' the intermediate E/F categories,'in the 
vicinity of 1.95-1.99. It is also suggested that 
after transformation from ph. solitaria has reached 
a certain point,'it pro'Ceeds rapidly over'to typical 
gregaria. It may' 'be noticed" tihat the phase' cate¬ 
gories ''are being,' us^ here in'"two 'Conflicting 
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senses. First a series (population) was called “^phase 
tramiens” on the basis of hopper behavior, and 
then, when this series was analyzed morphometri¬ 
cally, it appeared that the majority of the insects 
were either phase soUtaria or phase gregaria, rela¬ 
tively few being i-ransiens in structure. When mean 
values for E/F were calculated for males and fe¬ 
males separately in three series classed respectively 
as ^^solitana^^^ ^^congreganSj^ and ‘^dissocians/* us¬ 
ing only insects with E/F less than 2, the values 
for the males were found to be lower than those 
for the females in ‘^solitaria^^ and ^^cmgregans^^^ 
but higher in ^^dissociansT Since most reliable ob¬ 
servations on L. migratoria have showm E/F to 
be lower for males than for females in soliiaria, 
gregaria, and congregans, the reversal of this re¬ 
lationship in dissocians could be explained by as¬ 
suming a more rapid transformation of females 
than of males in both directions, an assumption 
supported from other sources (cf. Zolotarevsky 
and Murat, 1938; du Plessis, 1939). A similar 
comparison of the sexes in the three groups, this 
time with reference to M/C, and to P/C calculated 
for different categories of E/F, led to similar con¬ 
clusions, namely that ^^dissocians^^ can be sepa¬ 
rated from soUtaria’^ and ‘‘cangregans^’ by making 
use of the different rates at which these ratios 
change in response to changes in the degree of 
gregariousness of the hoppers, and the different 
rates at which a given ratio changes in males and 
in females. 

It should be noted that the statistical significance 
of most of the differences reported in this study is 
extremely doubtful. Moreover the suggestion that 
phase transformation of females is more rapid than 
that of males is in conflict with the fact that in 
the ‘^cmgregans^^ series a much higher percentage 
of the males than of the females has a ratio greater 
than 2, i.e,, has passed completely over into the 
phase gregaria, 

Pasquier (1938) showed that there is a variation 
in size in Dooiosimnm maroccanm and CaUiptamus 
Ualicm L, in association with different habitats 
' and'seasons; he called this ‘'ecological variation.’’ 

; In C.itdUcus the E/F ratio increases with increase 
in size, and to such an extent that false conclusions 
could' be drawn negardkg phase transformatbn. 
Pasquier suggested that the differences observed 
'in the degree of expr^ion 'of ,the characters of 
"extreme of B. ^mwo^amus from different 

’ outbrmk areas may also 'be explained as ecological 


Jannone (1938), k a detailed study of the phases 
of Dociostaurus maroccamis, defined these purely 
on the basis of state of gregariousness, and pro¬ 
ceeded to examme the physical characteristics of 
the resulting groups. The morphometric characters 
most useful as phase kdicators were the absolute 
measurements, especially the total length of the 
body and the length of the tegmen, and the E/F 
ratio. All the absolute measurements were con¬ 
siderably greater k phase gregaria than k phase 
soUtaria, especially in the male, and there was no 
overlapping between the ranges of mdividual values 
for the total length of the body or the length of 
the tegmen, k the two phases. Tentative ranges 
were given for series means of E/F in soUtaria 
and gregaria, and here again there was no over- 
lappmg. The ratios P/C, H/C, and M/C were 
found to show little or no correlation with phase. 
Although Jannone measured as many as 1271 
specimens, full use cannot be made of his work 
because of the impossibility of applying statistical 
criteria to his ratios, which were calculated from 
the totals of the absolute measurements. A study 
of color differences between the phases led to the 
conclusion that the color pattern, includkg the 
amount of black pigment, is not a pronounced 
phase character, even in the hoppers, but ph. 
gregaria adults show a dimkished pattern contrast. 
Jannone confirmed and extended the observations 
of Paoli (1937) with regard to the higher fecundity 
of ph. gregaria in D. maroccanus. Females of this 
phase laid some 50 percent more eggs per pod than 
phase SoUtaria’, the number of ovarioies k the 
ovaries was the same k the two phases, but more 
eggs matured at one time in ph. gregaria. 

Rao (1938b) extended observations made earlier 
by Roonwal (1936) on a new phase character k 
ScMstocerca gregaria. He found that m ph. gregaria 
there were almost kvariably 6 eye-stripes and 26 
antennal segments, while in ph. soUtaria there were 
6 or 7 eye-stripes and 28 or 29 antennal segments. 

Du Plessis (1939) carried out a most discrimkat- 
kg study of the adult phase differences k Locustam 
pardalina. Hh general viewpokt, although not 
stated explicitly, appears to have been that the 
phase of a given population is defined by its degree 
of gregariousness, and that the morphological 
characters of the adults are * an expression [italics 
mine] of phase” (p. 25). Thus the first object of 
the study was stated to be to ascertak “the 
amount of [morphological] variation k different 
phase groups of adults of known origin, and its 
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significance; and the best indications [italics added 
of phase, as revealed by this variation” (p. 25). 
The procedure adopted was to obtain mean values 
and variances for the different measurements and 
ratios for males and females of three ‘'phase 
groups” designated respectively gregaria, solitaria, 
and transiens congregans. Material of doubtful 
status was then measured, and its means were 
compared with these standard means. The view 
then adopted seems to have been that the morpho¬ 
logical indications are of greater importance than 
any field indications in establishing the phase, al¬ 
though this again was not explicitly stated (cf. pp. 
48, 49, 51). 

The “phase groups of known origin” are com¬ 
posed of the identical specimens used by Faure 
(1932). Regarded as standards of comparison, they 
are therefore subject to the limitations already in¬ 
dicated in discussing Faure^s paper [p. 367]. In 
particular, they are so constituted that no estimate 
can be made of the variance between different 
series referable to one phase group. As a conse¬ 
quence, there is no basis for establishing a range 
of series means which cqiild be regarded as per¬ 
missible within any one phase group. When a 
series of unknown status is compared with the 
standards, a significant difference may be demon¬ 
strated between the means, but it remains im¬ 
possible to determine whether this difference is of 
such magnitude as to exclude the unplaced series 
from the phase group with which it has been com¬ 
pared. This difficulty is well illustrated on p. 43 
of du Plessis^ paper. Du Plessis’ position is further 
complicated by the fact that Faure used morpho¬ 
logical criteria, to some extent at least, in selecting 
material for his standard groups, so that, for ex-^^ 
ample, all material towards the lower limit of 
gregaria has been excluded from the ^^gregaria^’ 
group. 

Both E and F were found to increase strongly 
from ph. soUtaria to ph. gregaria. The ratio of 
sexual dimorphism in E (E^/E^f) was found to 
decrease from 1.35 in soUtaria to 1.03 in gregaria. 
This ratio was regarded as the best phase char¬ 
acter, and “absolute size,” of which E was taken 
as the measure, was placed second. In calculating 
mean values for E/F, the means of the individual 
ratios were used. This ratio increased from trafp- 
siem to gregaria, but not significantly from soUtaria 
to transiens. On the other hand, differences in 
hopper density, even within the categoi^^ soUtana, 


could give rise to differences in absolute size and 
sexual dimorphism in the resulting adults. 

In the course of laboratory breeding experi¬ 
ments, Vayssiere and Lepesme (1939) showed that 
there is considerable variation in the nymphal 
coloration of Schistocerca gregaria under similar 
conditions of culture, and concluded that nymphal 
coloration is too “malleable” to be used in dis¬ 
tinguishing the phases, at least in culture material. 
Moreover there was found to be a marked lack of • 
correlation between the coloration of nymphs and 
the morphometric characters of the adults to 
which they give rise. The different morphometric 
ratios can also give contradictory indications, so 
that a value for E/F typical of ph. soUtaria can be 
combined in the same insect with values for P/C, 
H/C, and M/C that are almost t 3 ^ical of ph. 
gregaria. 

\^,j4urat (1939) found a wide range (L8f>~2.l7) 
in the values for E/F shown by sparse populations 
of S. gregaria with no swarming antecedents. The 
top of this range actually exceeds the lower limit 
proposed by Rao (1937) for the ph. gregaria. The 
higher values were explained on the grounds that 
the insects had developed under dry conditions, 
since the populations giving these values were 
actually less dense than those giving more typical 
soUtaria ratios. Different generations had signifi¬ 
cantly different mean ratios (cf, du Plessis, 1939). 

Kennedy (1939), working on the same species, 
found that sedentary, ^^m&i-soUtaria^^ populations 
can show some yellowing on sexual maturation, 
and some pinkness when freshly moulted (p. 399). 
However, the yellow color of sexuafiy mature ph. 
gregaria was found to be more amber-tinted. 
^.Kennedy's criteria of phase were not very explicitly 
stated, but it is clear that he regarded the degree 
of gregariousness as the fundamental one. His 
observation of a small swarm with mean E/F 
ratio lower than his “extreme soUtaria^* has already 
been mentioned. He concluded from this: “Thus 
it seems that the E/F ratio and other biometric 
features are unsafe criteria of phase unless account 
be taken of the stage of given individuals in the 
whole cyde of outbreak and non-outbreak years... 
A population which appears a fully gregarious 
swarm may be hiometrically 'solitary^ if it comes 
among the early swarms of an outbreak and dee 
(p. 404). Kennedy’s very detailed study of 
the behavior of all three phases led him to con- 
dud0 that the behavior of even Isolated gregaria 
^differs'' from, that of solitaria. The behavior of 
4 ' , 
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gregaria is characterized by much increased excit¬ 
ability, and by the possession of a well-developed 
visual compensation reaction, which is sufficient 
both to keep members of a band together and 
to cause them to move parallel to one another; 
this is the ^^regarious instinct proper.” 

Zolotarevsky (1939), in a study of the phases of 
Nmnadacris septemfasciata, compared the mor¬ 
phometric characters of solitary-living locusts, be¬ 
lieved to have developed from non-swarming hop¬ 
pers, with material '^provenant d’essaims en 
migration ei appartenant par consiquent a la phase 
grigaire^^ [italics mine] (p. 72). Material of unknown 
origin w^as found to fail into one or other group 
(on the basis of E/F), and the whole material vras 
then used to calculate mean ratios for ph. solitaria 
and ph. gregaria, E/F gave the best separation, 
followed by P/C, H/C, and M/C in that order. 

, There was also the usual difference in sexual 
dimorphism, although it was not very marked. 

Rao and Bhatia (1939) proposed three ranges 
of E/F as characterizing the phases of Locusia 
migratoria in India, namely: solitaria, 1.90 and 
below; iransiens, 1.91--2.00; and gregaria, >2.00. 
These ranges differ from those advanced by Johns¬ 
ton (1934) for L, migratoria migratorioides. 

Lea and Webb (1939) produced hoppers of 
Nomadacris septemfasciata with a color pattern 
almost indistinguisable from that of ph. gregaria 
by keeping green hoppers isolated in a hot exposed 
situation with a small amount of food. These 
hoppers w^ere not noticeably more active than 
others which were isolated with plenty of green 
food and which remained green. The adults pro¬ 
duced from them w^ere, however, far from being 
morphometrically ph. gregaria. The authors have 
referred to the unsatisfactoriness of the categories 
iramiens congregans and transiens dissocians, in 
view of the fact that a population may start by 
dissociating, and later begin to congregate (p. 26). 
♦Crowding of solitary-living adults in cages has 
produced the color of those found in swarms. 
Circumstantial evidence was obtained to indicate 
migration of ph, solitaria over a disffince of a few 
miles. The attitude of these authors to the question 
.^/of the definition of phase may be illustrated by the 
fdllowihg quotation (p, 30): .. it has been shown 

that changes in phase are accompanied by [italics 
mine] corresponding changes in morphological 
characters,.. 

- Smit (1939), in a feld study on Locmiam parda ^, 
Una^ found liat the length of the nymphal stage 


increases from about 25 days in ph. solitaria to 
about 40 days in ph. gregaria. Incomplete evidence 
suggested a larger number of eggs per pod in 
gregaria. This author, like Zolotarevsky (1938b) 
and others, applied the term ^‘transiens^^ to mixed 
populations, in which, for example, individuals 
indistinguishable from ph. gregaria in hopper col¬ 
oration might constitute a substantial proportion 
of the total. 

Kiingstedt (1939), in a general review of the 
Phase Theor}’’ from the point of view of its possible 
applicability to animals generally, stated (p. 4): 
^^Das Wesentliche an den Phasen scheint iiberhaupt 
die eigenartige morphologische und physiologische 
Wirkung einer Stoffwechselveranderung zu sein, 
deren Ursache in erhohter Aktivitat liegt..— 
brought about by mutual stimulation or, possibly, 
by other factors. In looking around for phase 
manifestations among insects other than locusts, 
this author used color and dimorphism in wing 
length as his chief criteria, and designated forms as 
ph. solitaria or ph. gregaria without any reference 
to their state of gregariousness or even activity. 
He assigned a phase interpretation to the phenom¬ 
enon of brachypterism hi such Acrididae as Chor- 
thippMs alhomarginatus, C. parallelusZQtt, Fodisma 
pedestris L., and Defidrotettix quercus Riley, claim¬ 
ing that the longer wing is correlated with a 
shorter pronotum more suddenly widened behind. 
In C. parallelus the macropterous forms are said 
to be most numerous in dense populations; Rehn 
and Rehn (1938) are quoted as having made the 
same observation for Dendroiettix qmrcus, although 
I cannot confirm this from a study of their paper. 
It should be noted that in these cases we are 
unquestionably dealing with a very marked re¬ 
duction hi the length of the wings to the point 
where they become non-functional, whereas the 
general opinion with regard to the increase in E/F 
in locusts from ph. solitaria to ph. gregaria is that 
this change is due to a reduction in F rather than 
to an increase in E, relative to the general di¬ 
mensions of the body (cf. du Plessis, 1939), 

In a study of secondary differences between 
solitaria and gregaria males m Lociostaurns maroc- 
canus, Jannone (1940) found surprising differences 
in characters usually regarded as not at all plastic, 
namely the subgenital plate and the epiphallus. 

Waloff (1940), in a study of migration m I^custa 
found that small groups and separate 
individuals of both phases migrated farther than 
' large swanns—to 1700 mfles. When these groups 
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or individuais were of ph. gregaria they could 
represent detachments from large , swarms, but 
they could also appear at times of local swarming 
in the outbreak areas when large swarms did not 
leave the immediate vicinity of these areas. Waloff 
concluded (p, 240) that .. long range migrations 
of phase solitaria occur in several, and perhaps in 
al, species of swarming Acrididae.. .. The ability 
to migrate is not restricted to phase gregaria... 

She used the value E/F = 2.00 as the boundary 
between solitaria and transiens, and 2.10 as the 
boundary between transiens and gregaria. Her 
attitude to the definition of phase is shown by 
her use of the phrase, “the degree of morphological 
modification accompanying [italics mine] phase 
transformation’’ (p. 238). 

Volkonsky and Volkonsky (1940b), on the other 
hand, have stated that in Schistocerca gregaria 
migration of ph. solitaria is extensive, but not as 
extensive as that of swarms. Elsewhere the same 
authors (1940a) presented data showing that, in 
both sexes of this species, individuals with 6 eye- 
stripes have a higher mean E/F, and a lower E, 
than individuals with 7 eye-stripes from the same 
series. 

In a study of eye size in relation to phase in 
Locusta migratoria migratorioides, Thomas (1941) 
established that the eye is relatively smaller in ph. 
gregaria in both sexes, and expressed this newr phase 
character by the ratios E/D and C/D, D being the 
height of the eye. 

; ^^auvin (1941) based his determinations of 
phase, in laboratory material of Schistocerca gre- 
garia, upon nymphal and adult coloration. He 
stated that the eggs laid by females of phase 
solitaria require a temperature of 40°C. for hatch¬ 
ing, whereas eggs from gregaria females hatch at 
temperatures below 30®C. Contrary to the results 
obtained by Smit (1939) on Locustana pardalina, 
the phase gregaria was found to develop more 
rapidly than solitaria; individuals of the former 
phase also weighed less and lived longer^ ate much 
more food, had a lower mortality rate, and a 
thicker cutide. Gregaria developed melanin in the 
integument, retained strongly the carotenoids, and 
especially the xanthophylls, of plants, and con¬ 
tained acridioxanthine in the hypodermis; solitaria 
on the contrary, had no melanin and little or no 
acridioxantliine, retained carotenoids poorly, and 
xanthophylls not ,at ah. Even among the progeny 
of '.ad^ults/'kept completdy isolated in; 

green cages,,: Simper ,cent .showed ^/'tramims*^ 


coloration. A gregaria^^ coloration could be pro¬ 
duced by placing a single solitaria hopper in a 
crowd of the non-swarming Cyrtacanthacris rufi^ 
cornis. Hoppers of typical solitaria appearance can 
occasionally give rise to pink adults with transiens 
morphometric ratios, and sometimes to adults 
with gregaria ratios. Females reared in crowds lose 
their acridioxanthine and their gregarious instinct 
as they become senile and may then be regarded 
as ph. solitaria (presumably notwithstanding the 
possession of gregaria morphometric ratios). 

: In this paper Chauvin uses the term “gregar- 
isme” in a novel sense. Its normal meaning is 
rendered in English by “gregariousness.” However, 
Chauvin uses it to cover the general characters of 
the phase gregaria: it is, in his own words (p. 235), 
“un ph^nomene sni generis qui survient chez les 
criquets groupes, et se manifeste par des modifica- . 
tions pigmentaires et physiologiques variees... 
un phenomene physiologique.” For the term “gre¬ 
gariousness” in its usual sense, Chauvin uses 
“instinct gregaire” (“un phenomene de comporte- 
ment psychologique”). He distinguishes four kinds 
of this “gregarisme,” namely, “larvaire,” “imag- 
inal,” “sexuel,” and “r^siduel.” “Gregarisme lar- 
vaire” is the capacity of nymphs reared in a crowd 
to develop the black and reddish pigmentation 
characteristic of the ph. gregaria. “Gregarisme 
imaginal” is the capacity of the male to develop 
the yellow pigmentation w^hen reared in a crowed. 
“Gregarisme sexuel” is the faculty possessed by 
the female of producing offspring of ph. gregaria 
if it is itself submitted to gregarious stimulation. 
“Gregarisme residuel” is the tendency of isolated 
n 3 nmphs to remain or become ph. gregaria during 
their development, as a consequence of the “gre¬ 
garisme” of their parents, and is calculated as 100 
per cent minus the percentage of t>’pical ,solitaria 
hoppers in the fifth instar. Much of this termi¬ 
nology is open to criticism, and in general it has 
not been followed by later workers. ;* 

In a later paper the same author (Chauvin, 1944), 
employed a biochemical estimation of acridioxan- 
thke per 0.5 g, b!/body, weight as a measure of his 
“gregarisme.” .'Using an' “index solitaire,” which 
bore an inverse' nelation to the ■ aaidioxanthine 
content, he was able'to show that this index was 
highest in locusts reared in isolation, and lowest 
in those reared in crowds. However,, there' was 
■considerable variatio'Xi in the “index, soEtaire^^^' 
among locusts of similar externa!^ pigm-entatmn 
and among locuste pi different age, and no attempt 
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was made to establisii critical values for the 
different phases. 

, Rao (1942), discussing the morphometric dif¬ 
ferentiation of the phases in ScMstocerca gregaria, 
agreed with the conclusions of earlier authors 
(Zolotarevsky, 1938b; Vayssiere and Lepesme, 
1939) that “variations in the different characters 
do not appear to be linked together, but occur 
independently’^ (p. 248). Rao introduced the con¬ 
cept of the “biometrical facies” or “constitution” 
of a given locust population in contrast to the 
phase of an individual locust. Claiming (p. 249) 
that .. average biometric ratios ... do not con¬ 
vey any idea of the extent of variation in regard to 
phase development in the population,” he used a 
“biometrical index” (reail)?- a formula) to describe 
the biometrical facies. This formula shows the 
percentages of individuals classifiable, on the basis 
of their individual E/F ratios, as solitaria, irans- 
ienSf and gregaria (using the E/F ranges assigned 
to each phase by Rao (1937)), along with the 
percentages with 6 and 7 eye-stripes. It has the 
form aS:bT:cG: :p(6):q(7). It will be noted that 
this procedure represented an attempt to obviate 
the inconsistency, which has been referred to more 
than once already, whereby one and the same set 
of terms has been used for the “phase” of a popula¬ 
tion and for the different “phases” of the individ¬ 
uals composing it (cf. Zoiotarevsky, 1938b; Smit, 
1939). 

, ; Rao noticed a “remarkable parallelism” between 
the phases solitaria and gregaria in their iife-cydes 
and migrations, the only difference being the 
greater activity of gregaria^ which “owing to its 
occurrence in swarms is capable, under the in¬ 
fluence of mob psychology, of reaching longer 
distances and covering wider areas” (p. 263). He 
showed *4hat the value of the width of the head 
(C) as a phase character attaches only to the width 
at the gena. The width at the level of the eye (O) 
do^ not vary as between phases, and the ratio 
C/0 increases from solitaria to gregaria. 
^,,lfoIkonsky and Volkonsky (1942) found that 
young adults of ScMstocerca gregaria, derived from 
a swarm and with ph. gregaria ratios, but sub¬ 
sequently Isolated from the swarm, show very little 
yeflowing on reaching sexual maturity. In a second 
paper published in the same year, Volkonsky 
(1942) agreed wibb Waloff (1940) that migration 
is not a phase character, but held that it is more 
extensive gmgma than in sdBafia (cf. Rao, 
1942; Volkonsky and Volkonsky, i94C}b)* ' 


Faure (1943a) carried out a laboratory study of 
phases in an army worm, Laphygma exigm Htibn. 
Apparently unaware of the paper by Edingstedt 
(1939), Faure stated (p. 69): “There appear to 
be no references in the literature to the discovery 
of phases in any other group of insects” [than 
Orthoptera]. This quotation is of interest in demon¬ 
strating once again the crucial place accorded by 
Faure to color and morphology in his conception 
of phase. There are many species, widely distrib¬ 
uted in the animal kingdom, w4ich may be 
gregarious or non-gregarious according to their 
abundance or in relation to the reproductive cycle 
or seasonal conditions, and these differ in their 
behavior, physiology, and distribution according 
as they are gregarious or non-gregarious; but 
these species do not show morphological or color 
differences correlated with their degree of gre¬ 
gariousness. 

Faure classified his larvae according to an arbi¬ 
trary color scale connecting the extreme types 
found in isolated and crowded cultures, respec¬ 
tively. At the dark end of the scale, three color 
types, which were most common in crowded cultures^ 
were classed as “phase gregaria^'*] and at the pale 
end, two, most common among isolated larvae, as 
“phase solitaria^^; intermediate forms were classed 
as “phase transiensl^ There was no reference to the 
color of specimens found in swarms and in isolation 
in the field, and Fame’s procedure here is subject 
to the same criticisms that have already been 
advanced in connection with Rubtzov’s work 
(1935) on grasshoppers. When larvae reared in 
isolation were classified in this way, as many as 12 
percent had to be described as ^Hransiens,*^ although 
some of these, amounting to 2 per cent of the 
isolated larvae, were apparently indistinguishable 
from “gregma.” Of larvae reared in crowds, only 
64per cent could be classed as gregaria” while 8 
per cent were solitaria.” The larvae in crowds were 
more active than those in isolation, and the adult 
moths bred from crowded larvae were slightly 
darker than those from isolated larvae. 

In a second paper, on a more strongly gregarious 
army worm, Laphygma exempta Walk., Faure 
(1943b) used the same method for establishing his 
categories of ^^soliiaria,” ^Hransiem” gre¬ 
garia” and in this case he got a rather better 
correlation with the state of crowding. All the 
crowded larvae were found to be “gregma,” and 
of isolated larvae 62.4 per cent were found to be 
36.5 per cent ^Hransiens” and 1 per 
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cent ^^gregariaP However, when isolated larvae 
were reared in darkness, 32 per cent were indis¬ 
tinguishable from ^^gregaria,'^ and only 12 per cent 
were classed as ^^solitariaP Crowds were again 
noted to be much more active than isolated larvae. 
In Spodoptera abyssinia Guen., a noctuid of minor 
economic importance, marked color differences 
were also found between crowded and isolated 
larvae. Although, on the basis of these, categories 
designated ^^soUtaria” ^Hransims/^ and ^^gregaria^^ 
were established, Faure stated (p. 15): “It is 
rather problematical whether one would be jus¬ 
tified in describing this variation... as phase 
variation comparable with that of locusts and 
army worms... for this reason: the fundamentally 
important factor of increased activity appears to 
be lacking or very poorly developed in the crowds 
of this species.” However important activity may 
normafiy be in the mechanism by which the mor¬ 
phological and color characters of the phases are 
produced, this was the first occasion upon which 
it had been suggested that this factor should be 
regarded as fundamental in the definition of the 
phases. Indeed, it had been claimed by several 
authors who had produced apparently typical 
phase gregaria in locusts reared under artificial 
conditions that little or no increase in activity was 
to be noted (cf. Lea and Webb, 1939; Chauvin, 
1941). 

Duck (1944) crowded nymphs of the non-swarm¬ 
ing Schistocerca ohscura (Fabr.) and found that 
they developed a color pattern similar to that of 
the phase gregaria in locusts—^provided the tem¬ 
perature was not too high. 

V Husain, Lahore, and Mathur (1944), working on 
Schistocerca gregaria^ found that locusts reared in 
isolation at 27®C. showed E/F ratios characteristic 
of ph. solUariaf but that those reared at 40®C. 
had ratios characteristic of iransiens (using the 
criteria of Rao (1937)). On the basis of their 
isolation and nymphal coloration, all of these 
locusts would be referred to ph. soUtaria^ and the 
authors therefore asked (p. Ill): “With what 
certainty cato certain fixed values be assigned to the 
various biometrical ratios as criteria of the phases 
of the adults?”' ; 

In a field study of Dociostaurm maraccanus, 
Bodenheimer (1944) confirmed the observations 
of earlier authors regarding the larger number of 
eggs per,,pod laid by 'the phase gregaria in this 
species, . concluded further that in gregaria 
each female; lays several egg-pods, each separated 


by a “maturation flight,” while in soUiaria one 
egg-pod is the normal number. He stated that 
this higher fertility of gregaria is associated with 
a higher general vitality, including a lower mor¬ 
tality rate, but he gave no evidence in support of 
this. In the following quotation (p. 84), Boden¬ 
heimer expressed particularly forcefully a con¬ 
clusion to which his own work, as well as that of 
many of the authors already considered, must 
inevitably lead: “But it must always be retained in 
mind, that neither the morphological nor the 
chromatic characters of an individual or even of a 
population permit a conclusion on its behaviour.... 
The decisive criterium will always be the behaviour 
in the field and this may change within the same 
generation without leaving definite characters of 
form or color in the resulting adults.” 

In discussing the question of isolated locusts with 
phase gregaria ratios, Bredo (1945a) showed that 
individual Noniadacris that become detached from 
a flying swarm may travel up to 45 miles from 
the route taken by the swarm before alighting. 
Such locusts lose their swarming coloration within 
3 to 4 weeks and, according to Bredo, should then 
be regarded as ph. iransiens^ notwithstanding 
their gregaria morphometric characteristics. 
v,Matth6e (1945), in an investigation of biochem¬ 
ical differences between the phases in Locusta 
migratoria^ Locusiana pardalina, Laphygma ex- 
empta, and Spodoptera abyssinia^ as defined by 
Faure, found that in all species the uric acid 
content of the blood was higher in ph. solUaria than 
in ph, gregaria^ while the fat content was higher in 
gregaria^zum-solitaria. Phase differences in lactic 
acid content, water content, and the pH of the 
blood were also established for certain of the 
species. 

The same author (Matth6e, 1946) confirmed the 
findings of Faure (1943b) with regard to phase 
variation in Laphygma exempia^ including the 
occurrence of, individuals of both “ph. gregaria^^ 
and “ph. solitaria*^ ' among material reared in 
isolation. However, by rearing larvae in isolation 
for three successive generations, MattheC' was 
able to increase the proportion of soUiaria^^ to a 
maximum of 82 per'cent. He found, further, that 
usually passed through five instars, and 
“gregarih” through six, while the width of the 
head capsule was significantly greater in ^^solUariaT. 
than in ^‘gregariaP In a further paper (Mat&6e, 
1947),' Faure^s 'findings on Sp&iaptm^a ahyssifda 
'were'.confirmed; intensification 'of'/the soUkma 
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characters again proved possible by rearing succes¬ 
sive generations in isolation. 

In the most recent theoretical discussion of the 
Phase TheorVj Zolotarevsky (1946) has exemplified 
once mote that confusion of concepts and definition 
which has been referred to more than once in the 
preceding pages, and which is discernible through¬ 
out the history of the theory that has been pre¬ 
sented. On p. 102 he has stated that density of 
population is ‘le facteur essentiah'’ in phase trans¬ 
formation, and that one cannot be sure that the 
morphological changes produced by manipulating 
such factors as humidity, temperature, food, stim¬ 
uli, activity, or metabolism, are not ^‘analogue 
mais ... iiidependanted^ Yet in discussing the evi¬ 
dence for migration of ph. solitaria over great 
distances (w^hich he largely discounted) he did 
not hesitate to place absolute reliance upon the 
morphometric characters of the insects as evidence 
of their phase. Later he stated that the ''nature^’ 
of the phenomenon of phases had not yet been 
defined, nor its place in the ‘^cycle biologique’^ of 
living things. The studies carried out up to the 
present had provided plausible explanations of 
phase manifestations, but had not thrown light on 
“la notion du ph6nomene.^’ The manifestations, 
singly or in combination, were widespread in the 
animal Idngdom, but these were external expres¬ 
sions of deeper phenomena; the phenomenon of 
phases should be defined in terms of these deeper 
phenomena rather than in terms of the phase mani¬ 
festations. Certain of the manifestations were not 
specific to phases, and the absence of some of the 
usual ones, including morphological difiFerentiation, 
did not signify an absence of phase phenomena, 
(Here we have the complete antithesis of the view¬ 
point of Paure, for whom phase differences are 
preeminently characterized by a distinctive type of 
structural or color modification associated with 
population density.) Zolotarevsky concluded the 
theoretical part of his paper with the statement 
that “le phenoiE^ne des phases pent ^tre design^ 
comme un 6tat biologique instable des individus 
d’une espece dont les variations se manifestent par 
ieur physiologic, comportement ou aspect en fonc- 
tioa dcs modaMtes de leur interaction/’ 
Michelmore (1947) stated (p. 332) that in Nom- 
adacris sepiemfasdaia hoppers of ph, solitaria “are 
sometimes slightly gregariotis,” and that a concen¬ 
tration of soMaria adults may behave as “a true 
‘iimm for a few days/* He used the ■ express^ions 


“grasshopper phase’* and “locust phase” as syn¬ 
onyms for ph. solitaria and ph. gregaria. 

• .From a comparative histological study of the 
striped eyes characteristic of ph. solitaria in Schis- 
tocerca gregaria, and the unstriped eyes characteris¬ 
tic of ph. gregaria, Roonwal (1947) reached the 
following conclusions. In the unstriped eye a true 
apposition image is formed, which is sharply de¬ 
fined; the eye is adapted to vision under intense 
illumination. In the striped eye a pseudosuperposi¬ 
tion image is formed, brighter and more diffuse 
than in the unstriped eye, so that movements, 
rather than discrete, sharply-defined images, are 
perceived; the eye is adapted to vision in subdued 
light. These characteristics of the eyes affect the 
clearness with which a hopper can perceive his 
fellows, thus influencing gregariousness; they are 
also correlated with the readiness with which 
gregaria hoppers move into open well-lit spaces, 
compared with the vegetation-frequenting ph. soli- 
tarid. 

■ Murat (1947) reported “ph. iransiens^^ adults of 
Schistocerca gregaria in which E/F had the value 
characteristic of ph. transiens, while the other 
morphometric ratios, the sexual dimorphism ratio, 
and the coloration were found to be very close to 
ph. solitaria. 

The Mechanism of Phase Transformatimi 

It will be recalled that at the time of the publica¬ 
tion of Uvarov’s book in 1928 the mechanism of 
phase transformation was visualized somewhat as 
follows: multiplication of ph. solitaria in special 
localities leads to crowding, which in turn leads to 
increased activity. High activity leads to the de¬ 
position of black pigment in the cuticle of the 
hoppers, as a result of which their body tempera¬ 
ture (in the sun) is raised, and their activity is 
consequently still further increased. As a result 
of the crowding the gregarious instinct is awakened, 
and this perpetuates and increases the condition of 
crowding. Thus a vicious drde is set up which 
leads to the development of the characters of the 
extreme phase 

Faure (1932) ascribed the increased activity of 
crowds to mutual stimulation, chiefly tactile, and 
explained the metabolic effects of high activity by 
postulating a metabolite “iocustine,” which is 
produced in active hoppers or adults, giving rise, 
in the former, to the characteristic gregaria color 
pattern, and capable of being transmitted to the 
progeny of active adults in''the egg-yolh. He as- 
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cribed the morphometric characters of ph. gregaria 
to mechanical effects of continual muscular con¬ 
traction. 

The assumption of an increased body tempera¬ 
ture in black hoppers exposed to solar radiation 
was confirmed by Hill and Taylor (1933) and by 
Strelnikov (1936), but its significance in increasing 
activity was questioned by Key (1936), on the 
ground that what is gained toward the io-wer 
temperature threshold of activity might be lost 
at the upper threshold, when black hoppers could be 
expected to seek out shaded situations at a iov;er 
air temperature than pale hoppers. This point of 
view was to some extent confirmed by Kennedy 
(1939), although his data are not well adapted for a 
separation of activity effects due directly to body 
temperature from those due to increased excita¬ 
bility. 

On the basis of field studies by Uvarov (1932) on 
Dociostaums maroccanus, Zolotarevsky (1933) on 
Loctisia migraioria capitOj and others, Zolotarevsky 
(1934) was able to establish the general conditions 
of phase tran^ormation in the special localities 
(outbreak centers) in which alone that transforma¬ 
tion is possible. The first of these conditions is an 
unstable climate, allowing of tremendous increases 
in the locust population from time to time. As a 
rule, such increases do not in themselves produce 
the degree of crowding necessary for transforma¬ 
tion into the ph. gregaria^ and a further condition, 
namely, a restriction of favorable locust habitats to 
patches of limited area wfithin a relatively unfavor¬ 
able terrain, is required. These general conditions 
for phase transformation could take on very dif¬ 
ferent forms according to the species of locust and 
the geographical region. Moreover, various other 
factors, such as the degree of s 3 mchroniz;ation of 
hatching, have a bearing upon the outcome in 
particular cases. 

Very similar views on the general mechanism of 
phase transformation in the field were expressed by 
Uvarov (1937), although he tended to place greater 
emphasis upon a reducUm in the size of favorable 
habitats resulting from adverse dimatic factors, 
and the consequent active concentration of locusts; 
into them. According to this scheme a period of 
favorable weather leads to multiplication; this is 
followed by an unfavorable period leading to 
restriction of the favorable habitats, concentration 
of the now large locust population within them, 
and; cons^uept transformation into / the, phase ’ 
gregarhr In. this.paper Uvarov,Treated his: 'earlier 


view that once phase transformation has com¬ 
menced it is obliged to continue with increasing 
intensity, unless the swarms are broken up by 
external agencies; in that case the scattered rem¬ 
nants, no longer stimulated to activity by their 
fellows, revert to the ph. soUtaria. 

Detailed studies of the ecology of various species 
of locust in their outbreak areas by Smit (1939), 
Kennedy (1939), Volkonsky (1942), Bodenheimer 
(1944), and others, have largely confirmed the 
general theories of Uvarov and Zolotarevsky as 
summarized above, and have extended them in 
various directions. 

Kennedy (1939), working on Schisiocerca gre- 
garia, was mainly concerned with the process of 
“concentration/^ as understood by Uvarov, and 
with its behavior consequences. He found that mor¬ 
phometric changes lagged behind activity changes, 
and activity changes behind changes in color and 
gregariousness, in both directions of phase transfor¬ 
mation, He divided what he termed the “outbreak 
process” into three stages (p. 406): (a) “concentra¬ 
tion,” of 'which two distinct t}q}es were of sig¬ 
nificance; (b) “aggregation,” defined as “the group¬ 
ing of concentrated individuals in contact with 
each other so that fehow-individuals assume an 
increasingly important part in the sensory experi¬ 
ence of each locust”; and (c) “gregarisation,” 
defined as “the change of phase (appearance of 
gregarious behaviour and coloration), the result 
of intensive aggregation.” Both concentration and 
aggregation were found to be produced entirel}" by 
external factors acting on each locust individually. 
The first stage in gregarization is habituation to 
fellow-locusts, and is passed through by hoppers 
that are exposed repeatedly to aggregation. It 
involves a discriminative refinement of the visual 
compensation reaction, which may be seen in 
crude form in ph. soUtaria in its visual attraction 
to vegetation. In the second stage, activity and 
excitability gradually increase. If good habituation 
has been attained (first stage) before activity 
reaches a high level, hands leaving' the zone of 
■concentration would maintain their' coherence. ■ 'Ac- 
'tivity could then increase stiE furth,er, tlius increas¬ 
ing migration range. 

. Volkonsky (1942) anived at a conception' nf 
phase transformation in Sckisimerca gregarm which 
differed in some important details from Kennedy's, 
but preserved the essential feature'of; a nuinhex 'Of 
distinct stages, of, which tfie majo'r'ones■,were 
' readily reconcilable 'with, 'those, of; Kennedy.' In^ 
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particular j Volkonsky found botk an interaction 
between hoppers, and a resulting increase in ac¬ 
tivity, at a mucli earlier stage in the whole sequence 
of events than did Kennedy. Zolotarevsky (1946) 
criticized both Kennedy’s and Volkonsky’s delimi¬ 
tation of stages, and proposed a formulation of his 
own involving three stages: “pullulation,” “pre- 
gregarisation,” and “gregarisation.” 

Bodenheimer (1944), working on phase transfor¬ 
mation in Dociostaurus maroccanus, was able to 
apply Kennedy’s scheme with little modification. 
He found that in this species also ‘^the morpholog¬ 
ical features of phase transformation lag very dis¬ 
tinctly behind the transformation of behavior” 
(p. 77). The fhorphological changes also lag behind 
the increase in fecundity, to which, along with the 
increase in “general vitality” said to be associated 
with it [p. 377], Bodenheimer assigned an important 
role in the outbreak process in Dociostaurus. In 
this connection Bodenheimer has provided evidence 
in favor of an assumption made by Uvarov in 1921, 
but subsequently abandoned by him [pp. 364, 
365, 366]. Bodenheimer stressed particularly the 
role of climatic factors in promoting or hindering 
such processes as aggregation, and thus influencing 
phase transformation in an indirect way. 

Apart from these investigations of the normal 
course of events in the field, a considerable amount 
of laboratory and other work has been carried out 
with the object of elucidating the mechanism of 
phase transformation by analyzing the factors of 
crowding and high activity, and by inducing one 
or other aspect of phase transformation by ar¬ 
tificial means. The first experiments of this kind 
were carried out by Faure (1932), who claimed to 
have shown that the color pattern characteristic 
of phase gregaria can be produced in isolated hop¬ 
pers of Locustana pardaUna that are forced into 
abnormal activity in a special apparatus. His 
findings were supported by Husain and Matbur 
(1936a), who showed, moreover, that the gregaria 
pattern can be produced by placing individual 
hoppers of ScMsiocerca gregaria in crowds of non- 
swarming grasshoppers. V(e have already noted 
that the same authors (Husain and Mathur, 1936b) 
found that the pattern of phase gregaria can be 
produced in isolated hoppers reared in an atmos¬ 
phere containing about 3 per cent CO 2 . 

Johnston (1937) reported (p. 3) that “field 
obseiTOtions in Uganda have suggested that food 
scarcity leading to movement may be sufficient to 
influence,the'phase of single nymphs [of Schis- 


tocerca gregaria\ leading them to become in struc¬ 
ture ph. gregaria.” A tendency in this direction, 
produced by dry conditions, had already been 
found by Zolotarevsky (1933) in Locusta migratoria 
capita [p. 368], and was later confirmed by Zolo¬ 
tarevsky and Murat (1938) and Murat (1939) for 
Schistocerca gregaria [pp. 371 and 373]. Similarly, 
Lea and Webb (1939) produced ‘^gregaria” hop¬ 
pers by isolating green hoppers of Nomadacris 
septemfasciata in a hot exposed situation with a 
small amount of food [p. 374], and Husain, Lahore, 
and Mathur (1944) produced adults of Schistocerca 
gregaria with E/F ratios characteristic of the 
phase transiefis by rearing hoppers in isolation at 
40°C. [p. 377]. The suggestion of Pasquier (1938), 
that the different degrees of expression of the 
characters of “extreme gregaria” in material of 
Dociostaurus maroccanus from different outbreak 
areas may be due to “ecological variation,” i.e., 
to the effects of physical factors and food supply, 
has already been mentioned [p. 372]. 

Chauvin (1941) criticized the work of Faure 
(1932) and Husain and Mathur (1936a), in which 
the gregaria coloration had been produced in 
isolated hoppers placed in an activating apparatus, 
on the grounds that in both cases these isolated 
hoppers were able to see other hoppers. His own 
work on Schistocerca gregaria had shown that the 
gregaria pigmentation can arise from the associa¬ 
tion of only two or three hoppers provided they 
can see each other. He carried out experiments of 
his own with an activating apparatus in which the 
individual hoppers were prevented from seeing 
each other, and found that ph. gregaria hoppers 
became dissocians as the experiment proceeded. 
On the basis of this result and of his observation 
that locusts in crowds were very little more active 
than isolated ones, he concluded that activity is 
only a result, and not a cause of “gregarisme.” 
In support of this view, Chauvin pointed out that 
Schistocerca gregaria is the least active of the 
major locusts, and yet it develops the gregaria 
pigmentation more readily than any of the others. 
Further, the assumption that the dose proximity 
of gregarious locusts will lead to increased activity 
was not supported by findings on other animals, in 
which activity is sometimes greater, sometimes 
less, in crowds. The high activity of locusts in the 
phase gregaria is, in fact, a character specific to this 
group. From these and other considerations, Chau¬ 
vin conduded that the pigmentary phase dif¬ 
ferences in Schistocerca gregaria are not the con- 
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sequence of differences in activity, but are of the 
nature of a reflex response to sensory impressions 
of fellow locusts effected through nervous mecha¬ 
nisms, endocrine mechanisms, or both. 

‘^Gregarisme larvaire” [p. 375] could be evoked 
by either visual or tactile impressions. In the case of 
visual impressions, movement of fellow locusts was 
necessary, and a factor of recognition was also in¬ 
volved, since only members of the Acrididae served 
to elicit the reaction. “Gr^garisme imaginaP^ could 
be produced in adult male locusts of any phase 
subjected to crowding, even in the absence of 
females. It did not occur in castrated males, was the 
result of tactile stimulation received largely 
through the antennae, and probably depended upon 
an endocrine rather than a nervous mechanism. 
^^Gregarisme sexuel” was due to stimulation of the 
female prior to oviposition, even in the nymphal 
stage. The longer the total period of stimulation, 
even at rather widely separated intervals, the 
greater the percentage of gregaria fiist-instar 
nymphs in the progeny, Chauvin favored some 
such explanation as the ^locustine” theory of 
Faure (1932) for “gr%arisme sexuel” and ^h^si- 
duel.” 

It will not be possible to evaluate the significance 
of Chauvin^s work in the present paper. Certain of 
his conclusions are arguable on various grounds, 
and further work on other species of locusts is 
clearly needed. There is no doubt, however, that 
he has indicated a possibility that could require a 
drastic revision of our views on the mechanism of 
phase transformation. 

Following upon the suggestion by Faure (1932) 
that the structural characters of ph. gregaria may 
be due to the constant puH of the muscles upon the 
exoskeleton in an insect exhibiting a high degree 
of activity, Uvarov and Thomas (1942) studied the 
thoracic musdes of Locusta migratoria^ and found 
that the musdes whose contraction might be 
expected to produce the deformations of the prono- 
tum characteristic of the phase gregaria are those 
concerned in movements of the head and pronotum 
in relation to the body, and of the first pair of legs. 
The authors pointed out that in ph. gregaria tmdi 
more time is spent in a horizontal position on the 
ground than in ph. solitaria, and that consequently 
more muscular exertion is required to support the 
large head; contraction of the musdes of the legs, 
induding the first pair^ must obviously be greater 
in ph. '§reg(ma than 


The Relation of the Phases to the Dervelopment of 
Outbreaks and their Periodicity 

In presenting his Phase Theory, Uvarov (1921, 
1928) made it abundantly dear that he regarded 
the phenomenon of phase transformation as the 
fundamental cause of the development of locust 
outbreaks and their periodicity. T}q)icai quotations 
illustrating this point of view have already been 
given [pp. 364, 365]. Briefly, phase transformation 
played this role because: (a) it resulted in an in¬ 
creased reproductive potential; (b) it resulted in mi¬ 
gration and invasion of new areas; and (c) its nature 
was such that once it had commenced it was 
bound to continue with increasing intensity. The 
claim that transformation into the phase gregaria 
involves an increase in reproductive rate was later 
abandoned (Uvarov, 1937), although it has been 
substantiated since for two species of locust (see 
Bodenheimer, 1944; Smit, 1939). Ample evidence 
has already been quoted to show tliat migration is 
not an attribute peculiar to the phase gregaria^ 
although it is more pronounced in that phase; 
migration, therefore, is not dependent upon phase 
transformation. Finally, as will be shown below, 
there is much evidence that phase transformation 
is readily arrested or reversed by various environ¬ 
mental factors. 

Notwithstanding this weakening of the basis of 
the theory of the relation of phases to outbreaks, 
Uvarov’s original views on this question have been 
restated with little modification, both by himself 
and other leading locust workers, right up to the 
present time. Thus Uvarov (1937) held that Zolo- 
tarevsky^s field researches had “confirmed the 
connection between phase transformation and mass 
outbreaks^’ (p. 1), and that “the irregular perio¬ 
dicity of swarming in locusts cannot be studied 
without paying due regard to phases” (p. 6). 
Later (Uvarov, 1944) he wTote (pp. 97-98): “The 
periodicity of locust outbreaks is dosely con¬ 
nected with the periodical transformation of the 
harmless solitary phase into the dangerous gre¬ 
garious one-The [phase] theory has supplied 

the key to the whole problem.” Faure (1937) went 
even further when he stated (p. 799): “The phase 
theory is the foundation on which our present 
conceptions of locust biology rest.” 

This view off the crucial part played by phase 
transformation led to a redefinition, in terms of 
phases, of what had previously b^h referred' to ^as 
the' “permanent' breeding grounds*'^' of' a lo'Cust. 
HiuS 'the “outbreak areas,” ie., *'*des lieux ot les 
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especes d^acridieas vivent en permanence et d'ou 
elies entreprennent leurs migrations pendant les 
annees de developpement en masse’^ (Zolotarevsky, 
1934, p. 62) were defined by tbe Third Interna¬ 
tional Locust Conference in 1934 as the centres 
of outbreaks” (Resolution 3(d)3); and the “out¬ 
break centre” was defined as “a station the 
ecological conditions of which sometimes provoke 
the transformation of a species into its swarming 
phase [italics mine] (phase gregariaf^ (Resolution 
3(d)4). Zolotarevsky (1934) was able to state at 
this time (p. 62) that “la theorie de phases ... 
est a la base de notre conception actuelle des ^aires 
gregarigenes’..and almost identical views w’^ere 
expressed much later b}^ Bredo (1945b) and Michel- 
more (1947). 

The stress placed by Uvarov on the concept of 
the “vicious circle” in phase transformation, the 
assumption that once phase transformation has 
commenced it can only continue wuth increasing 
intensity, led to investigations designed to permit 
the separate recognition of the phases cmigregans 
and dissocians. The idea behind these investiga¬ 
tions was that, if congregans and dissocians could 
be distinguished by examination of a series of 
specimens, “it would be an enormous practical 
advantage, for this would enable the entomologist 
to predict whether or not swarming is to be 
expected” (Faure, 1932, p. 299). Lean (1936) and 
Zolotarevsky (i938b) both claimed to have suc¬ 
ceeded in differentiating congregans and dissocians 
in Locusta migratoria migratorioides on the basis 
of structure and color [pp. 369, 371, 372], although 
their results were in conflict, and of uncertain 
significance. Du Plessis (1939) also proposed a 
basis for separating congregans and dissocians in 
Locustam pardalina. Other authors (e.g., Lea and 
Webb, 1939) failed to find any reliable differences 
between congregans and dissocians. Roonwal (1945) 
put forward three hypotheses for predicting 
swarming in Schistocerca gregaria, based upon an 
analysis of the percentages of forms with six and 
seven eye-stripes among the males and females of 
non-swarming populations. M of these attempts to 
distinguish between the two categories of the phase 
whether, they :were successful or not, 
depended for their main significance upon the 
'assumption that an observed trend in phase trans¬ 
formation would necessarily be maintained in the 
same direction. • , ^ 

DmroVs views on phase transformation and 
epidemiology were not'''accepted by'all 




locust biologists. Thus Olsuf’ev (1930), while ac¬ 
cepting the transformation of locusts {Locusta 
migratoria migratoria) into the gregarious phase 
under the influence of crowding, regarded this as 
simply a result of the increase in numbers, and 
not a factor constituting the actual cause of the 
periodicity. Tarbinskii (1932), who was primarily 
concerned with Dociostaurus maroccanus, expressed 
closely similar views. 

A number of other authors who adopted Uvar- 
ov’s point of view nevertheless brought forward 
observations and conclusions which were, in one 
way or another, at variance with it. Thus Zolo¬ 
tarevsky (1938a) concluded (p. 262): “L’apparition 
des insectes de la phase gregaire sur une station ne 
signifie pas encore le debut d’une invasion mas¬ 
sive.” Elsewhere the same author (Zolotarevsky, 
1938b), referring to the occurrence of the phase 
gregaria of Locusta migratoria under “des conditions 
particulieres” in certain oases in Tchad, suggests 
(p. 137) that “les bandes n’atteignent pas une 
importance qui entrainerait des migrations.” In 
these cases transformation into the gregarious phase 
did not result in outbreaks. Jannone (1938) sug¬ 
gested that in Dociostaurus maroccanus the perio¬ 
dicity of outbreaks may be due both directly to the 
transformation of phase, and indirectly to mete¬ 
orological and other factors affecting density. 

Du Plessis (1939) reported that at a time of 
active incipient swarming by Locustana pardalina^ 
“cases of dissociation of hopper bands were also 
commonly observed” (p. 10), for which the hot, 
dry weather and a gradual desiccation of the 
vegetation were held to be responsible. Zolotarev¬ 
sky (1938b) had also (p. 213) envisaged the pos¬ 
sibility that a population of the phase congregans 
of Locusta migratoria migratorioides might be sub¬ 
mitted to dissociation before it could reach the 
phase gregaria, and on p. 224 he suggested that a 
high humidity, by reducing activity and the inter- 
attraction of individuals, might have a dissociating 
effect upon gregarious bands. Smit (1939), working 
on Locustana pardalina, also found (p. 102) that 
the supervention of environmental conditions de¬ 
pressing activity may reverse an original trend of 
transformation from soUtaria to gregaria. Lea and 
Webb (1939), discussing the difficulty of applying 
the terms congregans md dissocians to ph. 
hoppers of Nomadacris sepimfosciata, pointed out 
(p. 26) that in 1936 smaH hopper bands first 
dissociated during the early instars, and later, In 
the final instar;'Congregated again. Kennedy (1939)' 
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referred to the fact that the environment of the 
outbreak center of Schistocerca gregaria^ while 
favorable to the initial stages of gregarization, 
brings about dissociation of any incipient bands 
that do not succeed in breaking out of it. Volkon¬ 
sky (1941) quoted a case from North Africa in 
which a considerable degree of gregarization of 
Schistocerca gregaria in 1939 was completely neu¬ 
tralized through mortality induced by climatic 
factors ill 1940, so that the population was pushed 
back into the phase solitaria. 

It should perhaps be emphasized that in this 
fourth section of the account of the history of the 
Phase Theory ive have not been concerned with 
the views of authors on the general phenomenon 
of outbreaks, but only with the relation of the 
phases to the development and periodicity of 
outbreaks. For this reason the role of multiplica¬ 
tion has not been mentioned, although it was dealt 
with in the preceding section. Multiplication has 
certainly been accorded an important role by all 
workers, but the prevailing view has been that its 
efiects are exercised through the resulting phase 
transformation, without which multiplication 
would not lead to outbreaks. 

DISCUSSION OF CONCEPTS 
^^Phase” 

We have seen how the term “phase’’ was intro¬ 
duced by Uvarov to designate an “infra-specific 
category” of a particular kind. It was to designate 
the “t 3 q)e” of the insect with reference to a con¬ 
tinuous range of possible types produced by dif¬ 
ferent levels of gregariousness (including zero gre¬ 
gariousness). The term “type” has to be construed 
in the broadest sense to include both physical and 
biological characters. The physical characters were 
the first to attract attention, and because of their 
permanence in preserved material have always 
been accorded considerable significance, but the 
biological characters are generally regarded as the 
more fundamental, and also of the greatest prac¬ 
tical importance. 

It is particularly important to note that the 
term “phase” was originally used, mi for the level 
of gregariousness itself, nor to designate individuals 
exhibiting a particular level of gregariousness, 
but for the “type” of individual, in the wide sense 
indicated above, characteristic of populations pos- 
; sessing a; particular leyel;'of gregariousness. This 
statement, can "he .amply'Supported by; a pmisal of ■ 


the quotations alread}" given from the earlier 
papers of Uvarov, Zoiotarevsky, and especially 
Faure [p. 367]. Thus the concept of “phase” is 
closely analogous in its structure to that of “eco¬ 
type” (more accurately, “ecophenotj^e”), al¬ 
though the phenomena themselves are quite dis¬ 
tinct. “Ecot}^e” is used to designate, not the 
individuals of a plant (or animal) species occupying 
a particular habitat, but the “type” of individual 
(usually recognized by its physical characters) 
characteristic of populations occupying that habi¬ 
tat. Similarly “sun leaves” and “shade leaves” 
are not leaves normally exposed to the sun or 
shielded from it, but the types of leaves normally 
found in such situations, and distinguished by their 
form and structure. As a consequence of these 
features of the definition of “phase,” it follow's 
that, once the t 3 q)e of insect appropriate to the 
various levels of gregariousness has been deter¬ 
mined, the phase of any individual can be estab¬ 
lished by a study of its individual characteristics, 
g^tiite irrespective of ike degree of gregariousness it 
happens to be exhibiting at the time. Moreover, 
if there is any conflict between the indications 
given by the character of the individual on the 
one hand, and its present level of gregariousness 
on the other, the character of the individual must 
alw’ays be the decisive consideration, since phase 
is defined as the type of individual characteristic 
of a particular level of gregariousness, and not as 
an individual exhibiting a particular level of gre¬ 
gariousness at a given moment. 

While these implications of the definition of 
“phase” have in general been accepted by workers 
on phases, this has not been invariably the case. 
Thus Kennedy (1939), when confronted with a 
“fully gregarious swarm” of individuals with the 
recognized characteristics of ph. solitaria, could 
not bring himself to call this simply a swarm of 
solitaria, but contended instead that biometric 
characters are unsafe criteria of phase [p. 373]; 
see' also Husain, Lahore ? and' Mathur^ (1944) 
[p. 377]. 

After it had been demonstrated, that the, phase 
differences between/individuals,from swarms and 
non-swarming populatiO'HS are due to'differeno^- 
population dens.ity, the phase concept toded.M be, 
linked with population density rather than with 
gregariousn^, and we find Rubtzov (1935), Chop^' 
ard,(193S),Klin^tedt (193'9), and othem fpp. 368^ 
'368-369,369,374} referring tp'.iliasei&esmmw 
.non-gregarioBS' 'insects subject , luctm-, 
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tions of population density. Whenj further, it was 
concluded that activity is the significant factor in 
crowding, Faure (i943b) expressed a doubt as to 
whether one could properly speak of phases in 
Spodoptem ahyssinia, because this factor could not 
be demonstrated [p. 377]. Finally Zolotarevsky 
(1946) defined phases as variations due to different 
levels of “interaction’^ (presumably behavior inter¬ 
action) between individuals [p, 378]. 

The increasing importance attached to the bio¬ 
logical differences between the phases, as distinct 
from their physical differences, was carried to its 
extreme by Zolotarevsky (1946), when he main¬ 
tained that even a complete absence of “morpho¬ 
logical’’ (presumably including color) differentia¬ 
tion does not necessarily signify an absence of 
phase phenomena [p. 378]. When this attitude is 
contrasted with that of Faure, for whom morpho¬ 
logical differences, color differences, or both, were 
essential to the phase concept [pp. 367, 376], we 
are led to wonder whether there is anything really 
speci&c to the Phase Theory apart from the ph)?^!- 
cal aspect. This question will be taken up again 
later [pp. 400 et seq.]. 

The Phases ^^Soliiaria^\ ^^Gregaria^^ and 
^^Transiens'^ 

The concept of phase as the type of individual 
produced at a given level of gregariousness im¬ 
plies that there can be as many distinct types or 
phases as there are levels of gregariousness, A com¬ 
plete gradation of types extends from the one ex¬ 
treme of complete isolation to the other extreme of 
intense gregariousness. However, for practical pur¬ 
poses it was desirable to distinguish the types asso¬ 
ciated with sparse populations that could have had 
no immediate swarming antecedents from those 
associated with well-developed swarms. Uvarov 
and Zolotarevsky (1929) have proposed that this 
should be done by the use of the terms ^'phasis 
solitaria^^^ ‘^phasis gregaria/^ and ‘^phasis transiens^^ 
[p. 366]. ^Ehasis soUtaria^’ was to be applied to 
“the extreme form” represented by isolated in¬ 
dividuals with no immediate swarming anteced¬ 
ents, and “pkasis gregaria” to “the extreme form 
found in dense, large, emigrating swarms.” 

It may be noted, in passing, how these defini¬ 
tions, with their use of the term “form,” and the 
latinized and italicized names for the phases, sup¬ 
port the interpretation of due concept of phase set 
out above. Less formal general terms were in vogue 
before 1929, €,g., solitary phase, dispersed phase; 


gregarious phase, swarming or swarm phase, mi¬ 
gratory phase. Some of these contmued to be used 
after the publication of Uvarov and Zolotarevsky’s 
paper, particularly “solitar>’- phase” and “gregari¬ 
ous phase,” and Michelmore (1947) even intro¬ 
duced the inappropriate expression “grasshopper 
phase.” 

It is obvious that the expression “extreme form” 
used in the definitions of Uvarov and Zolotarevsky 
cannot be taken literally. Strictly speaking, the 
extreme form in either direction would be repre¬ 
sented by a single specimen. Of course nobody 
adopted this interpretation, but the stress upon 
extremes interfered for some time with the clear 
recognition that not only the ph. transiens^ but 
also ph. solitaria and ph. gregaria include a range 
of types, and that a definition of these ranges, no 
doubt to some extent arbitrary, is required before 
the terms solitaria^ gregaria, and transiens can be 
given any very definite signification. Lack of 
clarity on these points is responsible, for example, 
for the difficulties into which Faure (1932) and du 
Plessis (1939) were led in attempting to determine 
the phase of their field and laboratory material 
[pp. 367, 373]. V 

The formal establishment of the three phase 
categories resulted in a particular connotation of 
the term “phase,” so that “a phase” came to mean 
one of the three categories, and assigning an in¬ 
dividual to its phase meant placing it in one of the 
phases solitaria, gregaria, or transiens. 

It can be seen at once, from the accepted defini¬ 
tion of “phase gregaria, that that phase cannot 
occur in any insect that does not, at some time or 
other, form “dense, large, emigrating swarms.” By 
definition, therefore, a “grasshopper” cannot pos¬ 
sess a phase gregaria, although it can show phase 
variation. Moreover, it would not be justifiable 
to survey the range of types of an insect produced 
by cage rearing at different population densities 
and to assign the term gregaria to that part of the 
range corresponding to very crowded conditions, 
as has been done by Rubtzov (1935) and by Faure 
(1943a, 1943b) [pp. 369,376]. Yet Rubtzov’s use of 
terms was endorsed by the International Locust 
Conference of 1936 [p. 370], the terminological in¬ 
consistency having apparently escaped notice. One 
could, of course, entertain a redefinition of the 
phase terms to allow “ph. gregaria*^ to be applied 
to the t 5 q>es that characterize the densest popula- 
tfons of any species showing phase variation, but 
sficb a redefinition has never been proposed, and 



PHASE THEORY OF LOCUSTS 


385 


would very probably create more difficulties than 
it would solve. On the other hand, it is my opinion 
that the requirements for ph. gregaria might well 
be somewhat relaxed, and that it might be defined 
in more general terms as the t>"pe characteristic of 
swarms, i.e., of populations showing clearly marked 
gregarioiisness. This would allow the use of the 
term in the case of the so-called “gregarious grass¬ 
hoppers.’^ The adoption of this definition would not 
affect the limits of the phases in locusts, because it 
could justifiably be maintained that in them the 
type of individual characteristic of sw^arms is that 
found in the dense migrating swarms, rather than 
in loose incipient swarms, which latter are nor¬ 
mally only transient formations destined shortly 
either to break up or to become dense and migra¬ 
tory. In the case of grasshoppers that do not form 
swarms, but nevertheless show some degree of 
gregariousness, v/ith associated phase change, the 
term ^Hransiens^^ might appropriately be used for 
the phase of the slightly gregarious individuals. 
Such individuals conform to the definition given 
by Uvarov and Zolotarevsky of ph. transiens 
[p. 366], except that they are transitional to a 
hypothetical, rather than an actual, ph. gregaria. 

The formal distinction made by Uvarov (1928) 
between “locust’’ and “grasshopper,” chiefly on the 
basis of the absence of gregariousness in the latter, has 
done little to promote clear thinking on the subject jf 
the injurious Acrididae. In the same publication in 
which the distinction was made, the author admitted 
that no hard and fast line can be drawm between the 
two categories: that some grasshoppers are sometimes 
gregarious, and that all locusts behave like grasshop¬ 
pers when in the solitary phase. Whatever value the 
distinction may have depends upon the possibility of 
describing a given species of acridid as either a locust 
or a grasshopper, however arbitrary such a classifica¬ 
tion may be in particular border-line species; but cer¬ 
tain authors have confused this classification of species 
with the distinction between the phases, and have 
spoken of the solitary phase of a locust as a “grass" 
hopper,” or as the “grasshopper phase”. Further, the 
restricted connotation of both “locust” and “grass¬ 
hopper” has left us with no common term to use on the 
the numerous occasions when we wish to make a 
general statement applicable to both groups, and we 
are forced to employ the clumsy expression ‘fiocusts 
and grasshoppers,” or the technical term “Acrididae.” 
In the same way the introduction of the term “band” 
for a swarm of hoppnts,'^d'ffio restriction of “swarm” 
to the'flying 'Stage' (Uyatov, 1928)' has left us with no 
general term for gregariouS' aggregations of dther^ stage. 
Tins sacrifice''has"’been made 'to very little purpose, 


since it is usual for authors to employ redundant con¬ 
structions such as “hopper band” and “swarm of 
adults” whenever it is necessary to avoid misunder¬ 
standing as to the stage involved. It wmuld have been 
better to have retained “swarm” as a general term, and 
to have qualified it when necessary with the words 
“hopper,” and “adult” or “winged.” 

The ^^Phases" ^^Congregans^^ and “Dissociam^^ 

According to Uvarov and Zolotarevsky (1929), 
the term “phasis transiens’^ is “to be applied to the 
form occurring in a given locality when the species 
is on the increase and its individuals are beginning 
to form loose aggregations, or on the decrease, and 
the swarms are becoming loose and tend to scat¬ 
ter-” This term should be replaced by “ph. 

congreganP^ or “ph. dissodmiF^ when tlie direction 
of change is known. Moreover, observations by the 
junior author (Zolotarevsky, 1929) had tended to 
show that congregans and dissocians could be dis¬ 
tinguished by minor details of morphology and 
coloration [pp. 366, 367]. 

Now in the terms “phase congreganP^ and “phase 
dissocians/^ “phase” is being used in a new sense. 
The term was introduced to designate tjpes of 
individual characteristic of different levels of gre¬ 
gariousness, but “cwgregaws” and ^^dissacians” 
could have the same level of gregariousness, and 
differ only in the direction of change. Further, the 
possibility of differentiating between individuals 
of ^^congregans^^ and ^^dissocians^^ is crucial to the 
question of whether these categories should be 
called phases, and not merely iucidental, as is 
suggested by Uvarov and Zolotarevsky’s wording. 
As a matter of fact, this possibility is stiff to some 
extent in doubt, even for the species with which 
Zolotarevsky was chiefly concerned [pp. 371, 372, 
382], and the terms congregans and dissocians have 
been freely used by a number of authors who have 
claimed that no differences can be detected be¬ 
tween them. Thus whatever terms may' be used 
to distinguish “congregating” from “dissodatmg” 
individuais, these categories cannot he called 
“phases” without introducing an undesirable am¬ 
biguity into our termmology.' The actual terms 
congregans*^ and dissocians^* could, of course, be 
retained, and could be used in association with the 
term “phase fransiens** in the form “ph. transiens 
(congregansy* '[not ^'^ph. (transuns) €mgregans*% 
provided it were clearly realized that “cmgreganp'^ 
■and ^^dissodams** represent a supplementary' de¬ 
scription of the material on the basis'of ■direction of 
change, and^ are' not themselves phase 'termS'. 'How-, 
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eveij the readiness with which phase transforma¬ 
tion in either direction can be arrested and re¬ 
versed [p, 382] is an argument against the use of 
any formal terms to distinguish individuals sub¬ 
ject to one or other of these processes. 

The Phase Status’^ of a Population 

From the definition of ^^phase,” and particularly 
from the fact that phases are to be recognized by 
color pattern and bodily proportions among other 
thingsj it must be clear that “phase^^ is primarily a 
property of individuals. A population cannot, 
strictly speaking, have a phase; it can have size 
(number of component individuals), areal extent, 
and other properties, but it cannot have a color 
pattern or bodily proportions. However, where 
“phase^’ is used, in the narrower sense [p. 384], to 
mean one of the categories soliiaria, gregaria, or 
transienSj it could be applied with little or no am¬ 
biguity to a population that is homogeneous for the 
phase in question^ but not to one in which even a 
single individual belongs to a different phase. Un¬ 
fortunately this point has not been appreciated by 
all authors, and the term “phase” has, in fact, 
been widely applied to populations heterogeneous 
in varying degree. The confusion of concepts is 
seen most clearly where a population is referred to 
the phase transiens. Thus Zolotarevsky (1938b) 
has classified certain adult populations of Locusta 
migratoria as ^Hransiens^^ on the basis of the level 
of gregarioiisness exhibited by the hoppers from 
which they developed. When the individuals com¬ 
prising samples of these populations were examined, 
it was found that the majority had to be referred 
either to the ph. soliiaria or to the ph. gregaria, and 
that comparatively few actually possessed the 
distinctive characters of the ph. transiens [pp. 371- 
372]. Similarly, Smit (1939) applied the term 
^HransienP* to populations containing numerous 
gregaria individuals [p. 374]. 

Notwithstanding these difficulties, we cannot do 
without a measure of what we may call the “phase 
status” of populations (as distinct from the phases 
of individuals), for it is with populations rather 
than Individuals that both the ecologist and the 
practical entomologist are concemed. Moreover, 
statistical considerations pi-edude a reliance upon 
individuab in phase studies. It b essential, how¬ 
ever, that our measures of “phase status” should 
be based upon the phase characters of the indivxd- 
mb''composmg, the population, and not ' upon 
extraneous 'considerationsiauch as, its^ level of gre-' 


gariousness. A number of such measures are pos¬ 
sible, and have in fact been used. One method, 
which has been applied extensively to hoppers, is to 
classify each individual in a sample of the popula¬ 
tion as soliiaria^ gregaria, or transiens^ and then to 
characterize the population by the percentages of 
the three phases represented in it. Another method, 
which is applicable where phase characters sus¬ 
ceptible of numerical representation are available 
(as in adults), b to determine the number of in¬ 
dividuals in each of several small ranges of the 
character in question, and to present the frequency 
distribution in the form of a table or graph. Alter¬ 
natively, the mean of the character in question 
may be used in conjunction with the standard 
deviation and the range. 

Rao (1942), who is perhaps the only author to 
have expressed clearly the contradictions involved 
in the use of the term “phase” for both individuals 
and populations, introduced the expression “bio¬ 
metrical facies” to describe the phase status of 
populations of adult locusts [p. 376]. The term 
“phase status” is to be preferred to “biometrical 
facies,” as being of more general connotation. 

It may be noted that certain concomitants of 
phase variation are of such a nature that they can 
only be studied in populations. Thus the sexual 
dimorphism in size, which is characteristically re¬ 
duced in populations of ph. gregaria as compared 
with ph. soliiaria^ requires at least two individuab, 
a male and a female, for its measurement, and a 
large number of pairs for accurate determination. 
Similarly, the percentage of individuals with 6 and 
7 eye-stripes respectively can only be ascertained 
from a population. These are true attributes of the 
populations rather than characters of individuals, 
but they do not justify us in speaking of the 
“phase” of a population. Of the same nature are 
certain of the criteria developed by Zolotarevsky 
(1938b) for distinguishing the categories ^^con~ 
gregans^^ and ^^dissocians^^ on the basb of the 
different rates of change of different morphometric 
ratios, and of the same ratio in the two sexes, in the 
course of phase transformation [p. 372|. 

The Physical and Biological Characters of Phases 
and their Interrekiions 

In our discussion so far, we have treated the 
“type” of an individual, constituting its phase, as 
though this were characterized by a consbtent 
combination of different physical and biologicai 
characters such as occurs in a species or subspeci^, 
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although we have recognized, of course, that no 
sharp line can be drawn between the successive 
phases of the sequence solitaria^ transiens, gregaria. 
Much the same assumption appears to have been 
made by the early workers on phases. From 1932 
onwards, however, an increasing amount of evi¬ 
dence has been brought forward to show that the 
correlation between the different characters of any 
one phase is by no means as close as was supposed. 

The characters in which the phases differ may be 
classified as behavioral, physiological, morpho¬ 
logical, and color characters. The more important 
of those that have been reported for various species 
are as follows: 

Behavior characters: degree of gregariousness, 
depending upon the degree of development of 
the visual compensation reaction; degree of 
excitability; degree of activity (this is not an 
independent character, but is the result of the 
interaction of gregariousness, excitability, and, 
under certain circumstances, pigmentation); fre¬ 
quency and extent of migration; and the relative 
importance of visual and olfactory stfinuii in 
controlling behavior. 

Physiological characters: basal metabolism; bio¬ 
chemical characters, including uric acid, fat, 
lactic acid, and water contents, the pH of the 
blood, the development of melanin and acridio- 
xanthine, and the retention of carotenoids; the 
temperature threshold for hatching of the eggs; 
the ph 3 rsiology of vision in relation to the his¬ 
tology of the eyes; thickness of the cuticle; 
specific gravity; fecundity; duration of n 3 anphal 
development; number of instars; and food con¬ 
sumption. 

Morphological characters: absolute size; sexual 
dimorphism in size; bodily proportions of the 
adult, as measured by the morphometric ratios 
E/F, P/C, H/C, M/C, E/S (S = width of 
sternum), E/D (D — height of eye), and C/0 
(0 = width of head at the level of the eye) ; and 
number of antennal segments. 

Color characters:" nymphal cx>Ior pattern; vari¬ 
ous minor features of adult coloration; the na¬ 
ture of the color,changes associated with ageing 
* and sexual maturation;, and the number of eye- 
stripes. , 

The early authors on phases used the expresaon 
*^M^(mdrk ratio/* and 'this is stili the one ni'OSt generally 
employed. Pasquier (1934) and certain other French 
authors have used and Jannone (1938) 

ffltrodiiced ^^SimaimndricF Zolotarevsky (1939) com¬ 


mended Jannoiie’s term on the ground that wt are 
concerned only with structural, non-herltable char¬ 
acters. The term “biometric” is clearly ambiguous, 
since it could refer to measurements of any biological 
character, including coloration, although, as used by 
phase workers, it is intended to exclude such char¬ 
acters. It is further rendered unsuitable by its extensive 
use as a virtual synon 3 rm of “statistical.” On the other 
hand, “somatometric” does not restrict the reference 
to non-heritable characters as Zolotarevsky imagined, 
but to characters of the soma as distinct from characters 
of the germ-cells. Needless to say, the characters of the 
soma are controlled by both genetic and environmental 
factors. (In point of fact, it is quite impossible to meas¬ 
ure, directly, any “non-heritable” character. One can 
only measure properties of the organism as it stands, 
although, if proper precautions are taken, it is possible 
to infer from the measurements the contribution of 
genetic and non-generic causal factors.) Further, “so¬ 
matometric” does not contrast the bodily proportions 
with color or physiological characters an^' more than 
“biometric** does. The only precise term is “morpho¬ 
metric,** which signifies measurement of morphological 
(i.e., external, structural) features. This term is al¬ 
ready in use in English-language publications on physi¬ 
cal anthropology and vertebrate taxonomy (cf. Schae¬ 
fer, 1948). 

Not all of these characters are involved in phase 
change in any one species, and indeed some of them 
are affected in only one or a few species. Occasion¬ 
ally phase change has opposite effects on a char¬ 
acter in two different species. Thus ntnnphal de¬ 
velopment takes longer in the phase gregaria of 
Lociistana pardalina (Smit, 1939), and in the phase 
solitaria of Schistocerca gregaria (Chauvin, 194!) 
[pp. 374, 375}. On the other hand, certain char¬ 
acters are involved in phase change in almost every 
species subject to it, and are always affected in the 
same way. These characters are, moreover, usu¬ 
ally the ones affected to the greatest relative ex¬ 
tent, and may be regarded as the phase characters 
par excellence. They indude degree of gregarious¬ 
ness, degree of excitability, the E/F ratio, absolute, 
size (at any rate in the male), the sexuardimor-' 
phism ''in size, nymphal pattern, and the tend¬ 
ency''to a general yellowmg of the Body, with a 
parahel reduction of pattern contrast, m 'sexuaHy 
mature mate of the phase gregaria, Neverthdess' 
the correlation betwem the degrees of devdopmmt 
of even' these^ '^characters, in different populations; 
of anyone species showing a simiarlevel:'of ,gie- 
gariousness, is,so' low that EaO' (1^2)' .to 

oondude that “variations''in the'ffiffdenl'diasac,- 
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ters do not appear to be linked together, but occur 
independently’’ [p. 376]. 

To illustrate this lack of consistent correlation, 
we may draw together the findings of a number of 
authors already quoted in discussing the historical 
development of the Phase Theoiyn With regard to 
the behavior characters, we note that a high level 
of gregariousness does not necessarily lead to mi¬ 
gration [p. 382], while migration of individual 
adults over distances nearly as great as those 
covered by swarms [p. 375], or even over much 
greater distances [p. 374], has been shown to occur 
frequently in two species, and may be suspected in 
others. The morphological characters are not at all 
closely correlated with each other: numerous au¬ 
thors have found a poor correlation between E/F 
and the pronotal ratios [pp. 367, 372,373,378], and 
between E/F and absolute size or sexual dimor¬ 
phism [pp. 373,378]. VayssBre and Lepesme (1939), 
in particular, found that a value for E/F t 3 q)ical of 
ph. soUtaria could be combined in the same insect 
with values for the pronotal ratios that were almost 
typical of ph. gregaria [p. 373]; and Lean (1936) 
showed that in Locusta migratoria migratorioides 
increase in E/F within a series of transiens or 
gregaria was at first accompanied by an increase in 
absolute size, but that after a certain point further 
increase was correlated with a decrease in size [p. 369]. 
When we compare the coloration of adults with 
their morphological characters, we find that sexu¬ 
ally mature adults of Schisiocerca gregaria with 
morphometric ratios typical of the phase solUaria 
may show the yellow color typical of the phase 
gregaria if they occur in a swarm or are crowded in 
the laboratory [pp. 371, 373]. Conversely, adults 
developed in a swarm, and with the morphometric 
ratios of ph. gregaria^ will not become yellow if they 
become isolated from the swarm well before sexual 
maturity [p. 376]. Similarly the complicated color 
changes associated with degree of gregariousness in 
adult septemfasciala occur quite inde¬ 

pendently of the morphometric ratios [p. 371]. The 
correlation between the color pattern of the n 3 miphs 
and the morphological characters of the resultmg 
adults is also unreliable, even when there is no 
appreciable change in density or degree of gregari¬ 
ousness between the nymphai and adult stages. 
The nymphai pattern is more sensitive to changes 
in the level of gregarionsness than is the adult 
morpholdgy, so that hoppers described as ph. 
p^egaria can give rise to adults with morphological 
characters of a type normaEy associated with the 


phase transiens [pp. 367,373,374]. Isolated hoppers 
in which the gregaria^ ^ pattern is produced by 
artificial means give rise normally to adults with 
the morphological characters of the phase solUaria 
[pp. 370, 374], and conversely isolated hoppers 
reared at 40°C., which have retained the coloration 
of the phase soUtaria^ produce adults with the 
morphological characters ascribed to ph. transiens 
[p. 377]. Typical ^'solitariU^ nymphs can give rise 
to adults with gregaria'^ coloration and morpho¬ 
metric ratios [p. 375]. Chauvin (1941, p. 254) has 
stated that there is no correlation between his 
“gregarisme larvaire,” “imaginal,” and “sexueL” 

The most serious cases of inconsistent correla¬ 
tion are naturally those between the behavior char¬ 
acters, particularly the degree of gregariousness, 
on the one hand, and the morphological and color 
characters, on the other; for a lack of correlation 
here afiects the whole of the elaborate system that 
has been built up for using the physical phase 
characters as a means of inferring the behavior of 
populations. It must be conceded at once that there 
can be no question about the general correlation, 
which has been proved conclusively for all species 
showing phase variation. But the discrepancies in 
particular cases are so frequent and so striking as 
to merit the most careful consideration. 

Large, dense, migrating swarms of adults do not 
always possess the morphological characters nor¬ 
mally associated with this level of gregariousness. 
Faure (1932) excluded a number of such swarms 
from the material on which he based his characteri¬ 
zation of the phase gregaria in Locustana pardalina 
because their constituent individuals were found 
to be of the ^Hransiens type” [p. 367]. Other “com¬ 
pact swarms” have been found to consist of “a 
mixture of solUaria, gregaria, and transitional 
forms” [p. 371], and a “fully gregarious” (though 
small) migrating swarm, morphologically ^‘solU 
iaria” has been reported by Kennedy (1939) [pp. 
371,373]. Other authors have referred to the way 
in which populations with ^^solUariU^ morphologi¬ 
cal or color characters are occasionally observed to 
congregate and behave gregariously [pp. 371, 378], 
although they certainly do not produce large mi¬ 
grating swarms. 

More numerous are the instances in which iso¬ 
lated individuals, which could certainly have had no 
immediate swarming antecedents, are found to show 
the morphological characters normaEy ascribed 
to the phase transiens, or even gregaria. Hot, dry 
conditions appear to be responsible [pp. 367-368, 
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371j 373, 377,380]. Similarly, in] rearing experi¬ 
ments, the color pattern of ph. tmnsiens or ph. 
gregaria has been produced in hoppers kept com¬ 
pletely isolated under conditions of high tempera¬ 
ture, low humidity, and a poor food supply, or even 
under apparently favorable conditions [pp. 374, 
375]. Typical phase gregaria adults may become 
detached from swarms, in which case they may 
revert to the type of behavior characteristic of the 
phase solitariaj while retaining their gregaria mor¬ 
phology [pp. 371, 377]. 

A similar lack of correlation is found if we study 
the morphological and color characters in relation 
to migratory behavior. Individuals with the physi¬ 
cal characters of ph. gregaria are not necessarily 
migratory [pp. 371, 382], while those with the 
physical characters of ph. solitaria may on occasion 
undertake extensive migrations [pp. 371,371,374, 
374-375, 375, 376, 376]. 

The position as regards the correlation between 
physical characters and behavior has been aptly 
summed up by Bodenheimer (1944) in the passage 
already quoted [p. 377], in which he has stated that 
neither the morphological nor the chromatic char¬ 
acters permit inferences as to behavior. It was this 
lack of correlation that led Lea (1938) to introduce 
the purely behavioral classification into “solitary- 
living’’ and swarming individuals, a classification 
which thus became contrasted with the primarily 
physical classification into “phase solitaria’^ and 
“phase gregaria^^ [p. 371]. 

The lack of correlation, both between the physi¬ 
cal characters themselves, and between these and 
the behavior characters, especially the degree of 
gregariousness, is probably due to a considerable 
extent to the fact that the various characters are 
affected in what approximates to a definite se¬ 
quence as the degree of gragariousness increases. 
Thus some degree of mutual habituation, con¬ 
stituting the beginnings of gregariousness, appears 
to precede any great increase in activity, and the 
latter is followed in turn by some of the physiologi¬ 
cal changes, the color changes, and the morphologi¬ 
cal changes. Among the moiphological changes, the 
E/F ratio seems to be affected before the pronotal 
ratios. However, this explanation does little to 
help us in the problem of recognizing a “type” of 
individual to which, for example, the term “phase 
gregaria^^ would apply, because the level of gregari¬ 
ousness represented by “large, dense, migrating 
swarms” may be reached long before the sequence 
of changes in the physical characters has been com¬ 


pleted, so that one character may already have 
reached the level characteristic of “g/egma,” while 
another is still at the ^Hransiens^^ or solitaria^^ 
stage. Moreover, a considerable part of the lack of 
correlation is not to be explained on the basis of a 
time lag at aU—^for example, that resulting from 
the effects of moist and dry conditions on the 
development of isolated individuals, or from 
marked changes in the degree of gregariousness 
during development. 

Attempts have been made to remove some of the 
difficulties by correlating the physical characters 
of adults, not with their level of gregariousness at 
the time, but with the level of gregariousness of the 
hoppers that gave rise to them: in effect, with their 
“history of gregariousness.” But this only gives 
rise to fresh difficulties. Although the morphologi¬ 
cal characters of an adult are conditioned in the 
hopper stage, its color is chiefly the result of factors 
operating within the adult stage. Similarly, the 
black color of newly-hatched gregaria nymphs may 
be referred to their history of gregariousness 
(parental gregariousness), but their pattern by the 
third instar is a function of their degree of gregari¬ 
ousness within the hopper stage as well 

The inevitable result of the existence of poorly- 
correlated criteria, all of which have a claim to 
consideration in the recognition of phases, is wide¬ 
spread uncertainty and confusion. Thus when 
Volkonsky (1938) found morphometrically ^^soli- 
tarW^ adults developing the ^^gregaria^^ coloration 
he spoke of a change of phase, as did Br6do (1945a) 
when he found morphometrically ^^gregarial^ adults 
assuming the solitaria^^ coloration and behavior; 
on the other hand, Lea (1938), faced with the same 
situation as Br6do, spoke of solitary-living phase 
gregaria. Kennedy (1939) was unable to regard his 
“fully-gregarious swarm” with “soUtaria” mor¬ 
phology as anything but phase gregaria/^ although 
if the same specimens had been encountered in 
dispersed formation they would undoubtedly have 
been classed as ^^solitariaP 

Chauvin’s terminology (1941), involving differ¬ 
ent categories of “gr6garisme” [pp. 375,381], may 
be briefly mentioned here. He used this term some¬ 
what ambiguously for mmifestatiom of the phase 
gregaria^ and also for the capacity (“fait,” “facult6,” 
p. 248) to show the characters of that phase. A 
further ambiguity, as we have already seen, arises 
from the fact that the word “gr6garisme” normally 
means “gregariousness,” and thus denote a purely 
behavioral characteristic. This ambiguity could be 
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avoided in English by anglicizing the French term 
to ‘'^gregarism” and using this in contrast to “gre¬ 
gariousness,” but it is doubtful whether the term 
is warranted at all. The terms “gregarisme lar- 
vaire,” “hnaginal,” “sexuel,” and “residuel” do 
not describe distinct gregaria characters so much 
as distinct mechanisms whereby either the same or 
different characters may be produced, and for this 
purpose the terms are poorly chosen. Thus “gr6- 
garisme larvaire,” “sexuel,” and “residuel” are ah 
estimated by the nymphal pigmentation, whose 
character is the same in all three; “gr6garisme 
sexuel,” no less than “imaginal,” is nevertheless 
regarded as a property of the adult locust; finally, 
^^regarisme imaginal” is dependent upon sexual 
maturation, while ^^gregarisme sexuel” can be af¬ 
fected by stimulation received during the n 3 nnphal, 
i.e., pre-sexual, period. Whatever value this classi¬ 
fication might have for purely physiological pur¬ 
poses, it can be of no assistance in characterizing 
the phases, and is, in fact, only confusing. Chauvin 
himself based his determination of phases purely 
on the pigmentation of the n 3 ^mphs. 

The Characterization of the Phases by Ranges of One 
or More Characters 

In spite of its unreliability in particular cases, 
there is unquestionably, as we have already noted, 
a general correlation between the phase characters, 
and in particular between the level of gregarious¬ 
ness and the other characters. That is to say, there 
is no question, for example, that the individuals 
composing large dense swarms tend in general to 
approximate to the t 3 ^e designated phase gregaria. 
For the purpose of characterizing the three main 
phases, special attention has been given to the 
morphological characters, because these are perma¬ 
nent in preserved specimens, and are susceptible 
of numerical representation. Moreover, so far as 
valid comparisons can be made, it appears that the 
morphological characters are as dosely correlated 
with degree of gregariousness as any of the others. 
The characters chiefly used have been absolute 
size, sexual dimorphism in tegmen length, the E/F 
ratio, and the ratios between dimensions of the 
prpnotum and the width of tire head. Of all these, 
the one most extensively employed has been E/F. 

In the discussion that follows, the methods used 
in arriving at this characterization will be examined, 
and for this purpose we may take E/F as being 
typical of the vanous characters used. 

•Any saries of specimens drawn, from population' 


exhibiting a given level of gregariousness will show 
a variation in E/F. This variation may be ascribed 
to different causes. Individuals may be more or less 
responsive to identical levels of gregariousness on 
account of genetic differences, or of chance differ¬ 
ences in vigor or some other character due to their 
individual environmental history. Alternatively, 
particular individuals may have been shielded to a 
greater or less degree from the full impact of the 
gregariousness of the population as a whole by 
some chance circumstance, or they may have been 
submitted simultaneously to other environmental 
forces which either partly neutralized or reinforced 
the effect of gregariousness. Further, in spite of all 
precautions, the series may include specimens 
which do not properly belong to the population 
at aU, but to some other population exhibiting a 
very different fevel of gregariousness. 

The best measure of the effect of the level of 
gregariousness being studied will be the mean 
value of the character in question, i.e., in the ex¬ 
ample we have selected, E/F. The extent of the 
variation within the series, or its “spread,” will be 
given by the standard deviation, and the reliability 
of the mean by its standard error. These measures 
are essential if we are to be in a position, in the one 
case, to determine the chance that an individual 
with any given value for E/F can be a member of 
the population sampled; and, in the other, whether 
another series with a slightly different mean E/F 
can be regarded as significantly different or not. 
Yet two successive International Locust Confer¬ 
ences have resolved that the “true average ratio” 
for a series should be calculated by a method which 
makes it impossible to determine the standard 
error, namely, by calculating the ratio of the totals 
of the actual measurements instead of the average 
of the individual ratios [p. 368]. Apart from this 
deficiency of the Conference method, its claim to 
provide the “true average ratio” cannot bear ex¬ 
amination, although it does provide a dose approxi¬ 
mation to the true average with considerable saving 
of labor. For if E/F should happen to be positively 
correlated with absolute size, and if there is any 
appreciable range of absolute size in the material 
of the series, then the Conference average will be 
weighted in favor of the higher values of E/F, and 
will therefore be higher than the true mean. Those 
authors who have followed the Conferences’ recom¬ 
mendation have sacrificed part of the value of their 
work, chiefly because it. is impossible to^ de.termine' 
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what significance, if any, should be attached to the 
differences between their series means. 

If sample series are taken from a number of dif¬ 
ferent populations, all at a similar level of gregari¬ 
ousness, but at different times and places, the 
series means for E/F are usually found to differ 
significantly, and often considerably. The differ¬ 
ences may be ascribed to differences in the levels 
of factors that modify the influence of gregarious¬ 
ness upon the E/F ratio or that influence E/F 
directly, quite apart from gregariousness, and also 
to differences in the level of gregariousness itself 
that were not apparent to the observer. The varia¬ 
tion between sudi series can be expressed as a 
range, or by calculating a general mean (mean of 
the series means) and the interseries variance or 
standard deviation. 

Now in characterizing the three main phases by 
means of E/F we are concerned, not with three 
levels of gregariousness, but with three ranges of 
the degree of gregariousness [p. 384]. The phase 
solitaria is the type represented by non-swarming 
populations ranging from extremely sparse to 
moderately dense, and the work of Volkonsky 
(1942) and du Plessis (1939) has shown that we 
cannot rule out effects of mutual interaction in such 
populations [p, 373]. The phase gregaria is the type 
represented by large, dense, migrating swarms, or, 
if we accept the modification of this definition sug¬ 
gested on p. 382, by swarms. Even within the cate¬ 
gory “large, dense, migrating swarms” there is 
room for a range of size, density, migratory be¬ 
havior, history of gregariousness, etc., and this is 
all the more true of the wider category “swarms.” 
The phase transiens covers the types appropriate 
to a range of gregariousness extending from the 
first signs of the phenomenon in a non-swarming 
population to a level just short of what we may 
designate a “swarm” or a “large, dense, migrating 
swarm.” Thus in characterizing a phase by the E/F 
ratio, we have to determine series means for a 
large number of populations representing the whole 
range of gregariousness appropriate to the phase in 
question, and the variation between these series 
means can be expected to be greater than that be¬ 
tween means for populatioiis showing apparently 
the same level of gregariousness. The range of vari- 
atfon in E/F appropriate to a given phase may 
then be given by the range of these series means, or 
by a general mean and the interseries variance. 

It is essential that the populations to be studied 

ould be selected purdy on the aiterion of their 


degree of gregariousmss. If any other considerations, 
such as color or morphology, are allowed to in¬ 
fluence the selection, we end up, not with a char¬ 
acterization of the phases, in terms of their defini¬ 
tion, but merely with a correlation between two 
phase characters, or, still worse, with something 
which is, to a greater or less degree, merely a nu¬ 
merical statement of the basis of selection itself 
[pp, 366, 367, 369, 369, 373]. It is also essential 
that the means for the different sample series rep¬ 
resenting a given phase should not be merged into 
a general mean without any indication of either the 
range of the series means or the interseries vari¬ 
ance. When this is done, we find ourselves in the 
dilemma of Faure (1932) and du Plessis (1939), 
who could say that a given series approaches the 
mean value for E/F characteristic of, say, phase 
gregaria^ but never knew whether it enters the 
range covered by the series that contributes to 
that mean, i.e., whether it could actually be 
considered gregaria. 

Unfortunately, as we have already seen [p. 388], 
the range of variation even of series means is so 
wide, even in some of the major locust species, 
that there is considerable overlap, not only be¬ 
tween the values found for adjacent phases in the 
sequence solitaria, transiens, gregaria, but even be¬ 
tween solitaria and gregaria. That is, it is not al¬ 
ways possible to infer with certainty whether a 
given population is swarming or non-swarmmg on 
the basis of the mean morphometric character. 
Certain extreme values can be interpreted with 
confidence, but there remains a considerable range 
within which the interpretation will be ambiguous. 
In these circumstances we are faced with the alter¬ 
natives of (a) abandoning any attempt at close 
characterization of the phases, and with it the 
possibility of their recognition by generally ac¬ 
cepted, objective criteria; or (b) defining a range 
of series means into which the great majority of 
the series of a given phase will fall, and using this 
as a rigid definition of the phase in question, irre¬ 
spective of the level of gregariousness with which 
it may be associated in particular cases. Both of 
these alternatives have their adherents among 
authors on the Phase Theory, although they have 
not been consistently followed, and all their im¬ 
plications do not appear to have b^n grasped. 
Kennedy (1939), Husain, Lahore, and Mathur 
(1944), and Bodenheimer (1944) have all, openly 
or by implication, adopted alternatiye (a). The 
majority of authors have followed (b), although 
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they show indecision when faced with insects of 
''solitaria” type behaving gregariously, or with 
insects with ''gregaria” ratios living in isolation, 
and perhaps with no immediate swarming ante¬ 
cedents. Ranges of series means of E/F for each 
of the phases solitaridj transiensj and gregaria 
have been proposed by various authors for Schisto- 
cerca gregaria and several subspecies of Locusta 
migratoria [pp. 368, 369, 371, 374, 375]. In some 
other species, authors have been content, up to 
the present, to establish a rough dividing value 
between soUtaria and gregaria. 

In this discussion we have used the ratio E/F 
as an example of a morphometric character for 
the purpose of examining the problems involved 
in using such characters for determining phase. 
Actually there are not one, but several such charac¬ 
ters, and, as we have seen, these are poorly corre¬ 
lated with one another, and may give contrary in¬ 
dications. It is therefore necessary, at any rate if 
we propose to follow the alternative indicated 
above under (b), either to select the character that 
shows the most consistent correlation with level 
of gregariousness, or else to develop an index that 
will combine the values of several characters in a 
single expression. 

Several workers have approached the question 
of determining which of the morphometric charac¬ 
ters gives the “best indication” of phase. There 
seems to be general agreement that in Locusta 
migrataria, Schistocerca gregaria, and Nomadacris 
septemfasciata this character is E/F, although no 
precise statistical study of the question hats been 
made. On the other hand, the rigorous analysis of 
du Plessis (1939) has shown that in Locustana 
pardalim the best indication of phase is the 
sexual dimorphism ratio for tegmen length, with 
absolute size placed second, and E/F much in¬ 
ferior jjp. 373]. Jannone (1938) has regarded ab¬ 
solute size as the best character in Dodostaurus 
maroccmm, with E/F next [p, 372]. Unpublished 
work of my own on the Australian species Chortoi- 
ceks. terminifera (Walk.) and Austroicetes cruciata 
(Sauss.) has shown that in the former the best 
character is E/F, and in the latter absolute size. 
Thus the ^‘best” characters are not the same in 
diferent species, so tibiat a rigid definition of the 
phases on the basis of a single morphometric 
character would involve the use of different char¬ 
acters in different species. It may be noted that the 
*^best indication” of pla^ in Locustana pardadina 
' mt'Q. ^plsa^e'^clmrauiter'infope ;[see p. 386] and 


could not be used to refer individual specimens to 
their appropriate phase, although it could indicate 
the phase status of a population. 

As far as the author is aware, no attempt has 
yet been made to evolve a single index of phase 
based upon a number of phase characters. Rao^s 
“biometrical index” [p. 376] is not really an index, 
but a condensed list, in which the two characters 
used (the E/F ratio and the number of eye-stripes) 
have not been integrated in any way. A true single 
index would seem to have distinct theoretical ad¬ 
vantages, although from the practical point of 
view it could involve a very much greater amount 
of measurement and computation than would the 
use of the best character alone. 

The Mechanism of Phase Transformation 

It will be convenient to discuss under this head¬ 
ing concepts and terminology relating to the “out¬ 
break process” [p. 379] as a whole, and not merely 
those concerned with phase transformation itself; 
and in this connection we may take the formula¬ 
tions of Kennedy (1939), Volkonsky (1942), Boden- 
heimer (1944), and Zolotarevsky (1946) as repre¬ 
senting the most significant contributions to the 
subject in recent years. Kennedy classified the out¬ 
break process into three successive stages dis¬ 
tinguished by the nature of the processes taking 
place in each [p. 379]. Volkonsky and Zolotarevsky 
put forward modified versions of this classifica¬ 
tion [p. 379], so that we now have three competing 
classifications in which the same terms are some¬ 
times used iu different senses. It would seem that 
there must always be a certain degree of arbitrari¬ 
ness in classifying a complex process into stages 
in time, and greater unanimity may be expected 
in relation to a scheme that represents the indi¬ 
vidual processes and their interrelations. Such a 
scheme, in which no new terms are introduced, is 
presented in outline in Fig. 1. 

In that figure the linking of two processes by an 
arrow is to be interpreted in the sense that the 
first process is to a greater or less degree a pre¬ 
condition of the second, or at least has an im¬ 
portant influence upon it. In general, therefore, 
processes linked in that way are successive in time, 
and the time sequence is in the main from the top 
of the diagram to the bottom. On the other hand 
the picture is complicated by mutual interaction 
between certain processes (shown by double ar¬ 
rows)/and by thesecondaiy influence of one proc- 
m'upon another earlier in the sequence.'The 
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latter effect gives rise to a circuit of steadily in- 
tensifying processes, of which the best example is 
the crucial phenomenon of the ^^vicious circle^^ of 
swarm formation. The diagram owes its chief in¬ 
spiration to the work of Kennedy (1939), but in- 


Kennedy covers a heterogeneous group of con¬ 
cepts, of which ^Virtual concentration’’ and ^^ap¬ 
parent concentration” would be more properly in¬ 
cluded under '‘multiplication”; on the other hand 
“aggregation” is in its essence an intensive type 
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Fig. 1. Diagram: Iiiustrating xbds Majos Component Processes oe the “Outbreak Process/* and their 

INTERRETAXIONS 

Arrows connect processes of which the first is to a greater or less degree a pre-condition of the secpnd; broken 
arrows indicate a doubtful relationship. The time-sequmce is in general from the top of the diagram to the bottom. 


(fedes certain relations that were well known before 
the publication of bis study, and others demon¬ 
strated subsequently by Volkonsky (1942) and 
Bodenhelmer (1944). Only the major processes and 
the major .interactions are sho^wn. 

As has been pointed out elsewhere (Key, 1945, 
p. 38), the term “concentration” as used by 


of concentration, although it probably merits sep¬ 
arate recognition in view of its special relation to 
gregariaation. The outbreak process Is thus rep¬ 
resented (Fig, 1) as starting with mulriplication' 
{induding virtual and apparent “concentration”; 
of Kennedy), which is succeeded by concentration 
(“reaF' concentration only), and this in turn by 
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aggregation. Aggregation leads, as suggested by 
Kennedy, to mutual habituation, and a discrimina¬ 
tive refinement and strengthening of the latent 
visual compensation reaction which is the root of 
gregariousness. At this point a marked increase in 
activity commences, although a less pronounced 
.activation is to be observed in the earliest stages 
of aggregation (Volkonsky, 1942). The increased 
activity results in increased excitability, which 
may be regarded as a lowering of the stimulus 
threshold for activity, possibly by some such 
medianism as a reduction of synaptic resistance 
following frequent repetition of a reaction. In¬ 
creased excitability in turn reacts upon the strength 
of the visual compensation reaction so as to in¬ 
crease gregariousness, and by so doing completes 
the ^Vicious circle of swarm formation.’^ This 
vicious circle may perhaps be better visualized as 
a helix rising up vertically from the diagram, each 
of the three participating processes being raised to 
ever-increasing levels of intensity. 

It seems probable that the increased activity is 
even more closely connected with the strengthening 
of the visual compensation reaction than has been 
suggested by Kennedy. Thus the visual stimulus 
producing the increased activity may well be the 
same as that eliciting the compensation reaction, 
namely, movement of the image of objects across 
the retina. In that case the activity itself would 
be compensatory activity and would increase with 
increasing strength of the visual compensation re¬ 
action, both directly, as being the motor expression 
of that reaction, and indirectly through the effect 
of the compensation reaction in increasing the 
population density, and thus the amount of visual 
stimulation. This would not apply to the smaller 
increase in activity that arises much earlier, ap¬ 
parently as a result of olfactory stimulation (Vol¬ 
konsky, 1942). 

The increased activity (Fig. 1) permits more 
efficient concentration and aggregation (Volkonsky 
1942), and thus sets up a sort of minor vicious 
cirde subsidiary to the main one. Further, at some 
stage of the development of the helk, possibly as 
a consequence of the activation, there occurs in 
.LMiosImrus'fmroccanuS' (Bodenheimer, 1944), and 
presumably in Lomstam parddim (see Smit, 
1939), an increase in fecundity, which leads to a 
vicious drde through its effect on multipli- 
Cation. Finally, when the helix has mounted to a 
^uffident height, the gregariousn^s and activity 


of the swarms become sufficient to permit extensive 
swarm fusion, and ultimately, emigration. 

In comparison with the major processes so far 
discussed, the dassical phase changes in colora¬ 
tion, morphology, etc., appear in the light of mere 
epiphenomena, and this remains true whether we 
accept the conventional view that these changes 
are the result of increased activity, or the view of 
Chauvin [pp. 380-381] that they are of a “reflex’^ 
nature. In Uvarov’s early conception of the vicious 
cirde [p. 378] the development of black pigment 
in hoppers of the phase gregaria was assigned an 
important role through its effect upon body tem¬ 
perature and thus upon activity. However, neither 
in Dociosiawus maroccmus [p. 372] nor in Chortoi- 
cetes ierminifera (unpublished observations of the 
author) is there any marked difference between the 
amount of black pigment in the phases soUtaria 
and gregaria y yet the vicious circle remains. More¬ 
over, developing the argument advanced by Key 
(1936) [p. 379], it may be seen that the effect of 
black pigment on the total activity of hoppers 
will depend entirely upon the relation that exists 
between the upper and lower temperature thresh¬ 
olds of activity on the one hand, and the average 
daily temperature regime of the given locality at 
the given time of year. Where temperatures are 
low, the higher body temperature of black hoppers 
could result in considerable increase in both the du¬ 
ration and intensity of activity; but where temper¬ 
atures are sufficiently high, black hoppers could be 
expected to seek shade and become inactive well be¬ 
fore pale hoppers, and the latter can in this way 
could have a considerably longer span of activity 
each day. In this connection the recent observations 
of Pielou (1948) on the dispersal and “disappear¬ 
ance” of gregarious groups of hoppers of Nomada- 
cris septemfasciata at high temperatures are signifi¬ 
cant, There is, in fact, no real evidence that the 
black pigment of ph. gregaria hoppers plays any 
significant part in increasing their activity or in 
promoting the vicious circle of swarm formation. 

Of the other phase characters, the reduced 
specific gravity in ph. gregaria has been suggested 
as a factor making for increased activity (Strel- 
nikov, 1936), and other characters have from time 
to time been supposed to have some influence upon 
the vicious circle. Roonwal (1947) has presented 
evidence indicating that the unstriped eye charac¬ 
teristic of the ph, gregaria in Sckistocerca gregaria 
is better adapted for producing sharp images of 
other locusts, and for use in bright sunlight, than 
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the striped eye oi ph. solitaria [p. 378], so that 
the appearance of the unstriped eye in the course 
of phase transformation may promote a further 
development of gregariousness. However, nothing 
analogous to the striped and unstriped eyes of 
Schistocerca has been reported in other locusts 
(apart from Anacridium aegyptium (L.)), so that 
the supposed effect of this phase character cannot 
be of any general importance. 

Altogether, it would seem that none of the 
classical phase characters, which preeminently dis¬ 
tinguish the phases as ''types’’ of individual, play 
an essential part, or even, perhaps, a significant 
part, ill promoting further phase transformation. 
The vicious circle of swarm formation appears to 
be entirely a behavior phenomenon, depending 
upon the processes of mutual stimulation, visual 
compensatory activity, increase of excitability, 
and progressive strengthening of the visual com¬ 
pensation reaction. The classical phase characters 
are little more than pointers to the stage that has 
been reached in this process of behavior trans¬ 
formation—and unreliable pointers at that. 

The "stages” of Kennedy, Volkonsky, and Zolo- 
tarevsky [pp. 379, 380] can be readily recognized 
in Figure 1. Kennedy’s "concentration,” Volkon¬ 
sky’s "puUulation locale,” and Zolotarevsky’s 
"pullulation” are all to be identified with the first 
two processes of multiplication and concentration, 
Kennedy’s "aggregation,” and Volkonsky’s "agre- 
gation” correspond to our process "aggregation,” 
Volkonsky’s "pr6gregarisation” includes the proc¬ 
esses from multiplication to aggregation or mutual 
habituation inclusive, while Zolotarevsky’s use of 
the same term covers the processes aggregation 
and mutual habituation. Kennedy’s "gregariza- 
tion” extends from mutual habituation to the stage 
of dense swarms with ph. gregaria characters, while 
Volkonsky and Zolotarevsky employed this term 
for our vicious circle of swarm formation and its 
consequences. Further, we may recognize in the 
early stages of the vicious cirde the "incipient 
swarming” of many authors, and in the vicious 
drde as a whole the process referred to simply as 
“swarm formation.” There are, of cx)urse, minor 
inaccuracies in these correlations, due to the fact 
that a diagram cannot represent all the interrela¬ 
tions of the processes, nor the considerable degree 
of overlapping in time between different processes. 
Thus the color change in the hoppers commences 
while the process of aggregation is operating, al¬ 
though it probably does not receive its major 


impetus until the marked increase in activity 
associated with the vicious circle of swarm forma¬ 
tion. 

It may be noted that the term "gregarization,” 
as used by all the authors cited, includes the 
gradual transformation of behavior and of all the 
other phase characters. It is thus synon 3 anous 
with "transformation into the phase gregaria/^ al¬ 
though in "gregarization” the major emphasis 
seems to be placed on behavior, and in "phase 
transformation” on the secondary characters. The 
verbal form "gregarize” is a useful term, especially 
in such' expressions as "strongly gregarized” or 
"weakly gregarized” individuals or populations (cf. 
Bodenheimer, 1944). The term "degregarization” 
might well be used for the reverse of gregariza¬ 
tion, and is to be preferred to Bodenheimer’s term 
"degregation.” 

Turning now to the mechanism of phase trans¬ 
formation in the narrower sense of the mechanism 
whereby the physical and physiological characters 
are modified, we find almost universal agreement 
that the changes depend upon the level of ac¬ 
tivity and excitability, usually operating through 
their effect upon general metabolic processes. This 
view is exemplified by the "locustine” theory of 
Faure (1932) [p. 378], and may prove to be ap¬ 
plicable to the color changes, the physiological 
changes, and perhaps the changes in absolute size 
and sexual dimorphism. In the case of the pro- 
notum-head ratios, Uvarov and Thomas (1941) 
have brought forward evidence which indicates 
that the changes are probably due to direct me¬ 
chanical effects of the frequency of muscular con¬ 
traction upon the conformation of the skeleton 
during development [p. 381]. A similar explana¬ 
tion may hold for the E/F ratio, muscular con¬ 
traction being assumed to shorten the femur. 

The supposed role of activity in all these effects 
is supported by the nature of the circumstances 
under which isolated individuals may develop the 
characteristics of the phase gregaria or transiem. 
Apart from the direct production of increased ac¬ 
tivity in isolated hoppers by means of mechanical 
contrivances [p. 380], the results of which have been 
criticized by Chauvin tp. 380], we know that both 
in the field and in the laboratory these charac¬ 
teristics tend to arise under conditions of high 
temperature, low humidity, and food scarcity 
[p. 380]. High temperature and food scarcity are 
known to stiinulate activity, and the former also 
has a direct effect on the basal metabolism* The 
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apparent effect of low humidity may be due to its 
usual correlation in the field with high temperature 
and food scarcity. The effect of CO 2 in producing 
the gregaria coloration in isolated hoppers [p. 370] 
may be due, as hinted by Husain and Mathur 
(1936b), to an interference with the respiratory 
mechanism by means of which waste metabolites 
are converted into CO 2 , thus leading to the same 
increase in their concentration that would result 
from their excess production by active crowds. 
Alternatively, the increase in the rate of the ven¬ 
tilating movements which occurs as the CO 2 
tension is raised may possibly be equivalent to 
locomotor activity from the point of view of pro¬ 
ducing the phase gregaria pattern. 

It must be admitted that not all those workers 
who have produced ph. gregaria characters by 
these various means have reported an increase of 
activity among the isolated insects [p. 374], and 
also that such characters may arise in the apparent 
absence of conditions liable either to stimulate ac¬ 
tivity or to produce the same metabolic effects as 
activity [pp, 375, 376]. However, we know too 
little, both about the estimation of activity and 
about the possibilities of reproducing its effects 
by other means, to evaluate the significance of 
these observations. Chauvin’s conclusion [pp. 380, 
381] that the gregaria coloration in nymphs and 
adults is the result of a nervous- and/or endocrine- 
controiled reaction to sensory impressions, and 
has nothing to do with activity, is in complete op¬ 
position to the prevailing view, and until further 
experiments are carried out to test this theory, 
the fundamental mechanism of phase transforma¬ 
tion must be in doubt. 

Phase Transformation and Outbreaks 

We have seen in the historical section of this 
paper how the Phase Theory was, from the very 
beginning, linked with the phenomenon of the 
development of locust outbreaks, and with their 
periodicity, and how the transformation of the 
phases was regarded as fundamental to both 
phenomena. This crucial role of phase transforma¬ 
tion was ascribed to its effect upon reproductive 
potential and migration, and to the supposed 
irreversibility of the outbreak process once phase 
transformation had commenced [pp. 364,365,365, 
381, 381], We have seen, also, that a few dissenting 
voices were raised as early as 1930 [p, 382], and 
that the work of a number of other investigators 
has to a considerable extent undennined this part 


of the theory, without, however, leading to open 
criticism of it [pp. 382, 383], In particular, it has 
been shown that an increase of reproductive po¬ 
tential has not been demonstrated in most locusts; 
that extensive migrations can take place without 
phase transformation, i.e., in the phase solitaria; 
that transformation into typical phase gregaria 
does not always lead to outbreaks; and that phase 
transformation can be arrested and reversed by the 
operation of a number of entirely normal factors 
of the environment. 

XJvarov (1928) has pointed out that “periodicity” 
is not the right term to use with reference to locust 
outbreaks, since there is usually no regularity about 
their incidence. Nevertheless the term has continued 
to be used, and will be retained here. 

A very important circumstance that has seldom 
been brought into relation with the question we 
are now considering is the existence of outbreaks 
of grasshoppers, i.e., of Acrididae in which a 
gregarious phase is absent and migration very re¬ 
stricted. These outbreaks are ^^periodic,^^ as in 
locusts, although not accompanied by sudden 
mass invasions. They occur from time to time over 
very large areas in many parts of the world. In 
the t 3 rpical grasshopper, migration is quite in¬ 
significant, and the area within which an economic 
infestation occurs is identical with that in which 
the population increase has taken place. In other 
grasshoppers, such as some American and Si¬ 
berian species, and the Australian Austroicetes 
cruciata (Sauss.) (Key, 1938; Andrewartha, David¬ 
son, and Swan, 1938), a limited capacity for migra¬ 
tion results in a narrow fringe of “invasion area” 
around the much larger area in which multiplica¬ 
tion has occurred and most of the damage has 
been occasioned. From this condition there is a 
clear transition, through such species as Callipta- 
mus italicuSj to locusts such as Locustam pardalina 
(see Faure, 1937) and Chortoicetes ierminifera (Key, 
1945) in which areas in which multiplication has 
occurred (the outbreak areas) are much smaller 
than the invasion area, but are nevertheless of very 
considerable size themselves, so that damage in¬ 
flicted within their confines would be a serious 
matter quite apart from the migrations. In ScMsto- 
cerca gregaria, the numerous small outbreak areas 
are collectively very much smaller in relation to 
the invasion area than in the last two species, 
but many of them are under crops, so that signifi¬ 
cant damage can be caused within them. Finally, 
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in. Locusta migratoria migratorioides and Nomadacris 
septemfasciata we have two locusts in which the 
outbreak areas are very few and very small, and 
the whole of the significant economic loss is 
suffered in the invasion area. 

As we follow up the series from the t 3 rpical grass¬ 
hopper to a locust such as Locusta^ we find that 
migration, from being an insignificant factor in 
the outbreak, becomes the crucial factor. However, 
we must not lose sight of the fact that the abun¬ 
dance of a pest is the distinguishing feature of an 
outbreak, and that migration becomes of signifi¬ 
cance only if it involves immense numbers of in¬ 
dividuals. The most fundamental condition of an 
outbreak is thus an increase in numbers, and there 
is no evidence that the factors promoting an in¬ 
crease in the population of locusts in an outbreak 
area are different in their general character from 
those that lead to outbreaks of grasshoppers. Ad¬ 
mittedly we know that in Dociostaurus maroccanus 
and Locustana pardalina phase transformation in¬ 
volves an increase in fecundity, but, on the one 
hand, this does not normally occur in locusts, and, 
on the other, no studies have been undertaken to 
determine whether a similar increase in fecundity 
may not occur in some grasshoppers at high popu¬ 
lation densities. 

Thus it would seem that if any unique role is 
to be accorded to phase transformation in bring¬ 
ing about outbreaks of locusts such as Locusta 
and Nomadacris, it must be in relation to migra¬ 
tion, and the demonstration that extensive migra¬ 
tion of the phase soUtaria can occur in several 
locusts is a severe blow to the theory of the rela¬ 
tion of phases to outbreaks. It would appear that 
the difference in the character of the outbreaks of 
locusts and of grasshoppers consists primarily in 
the fact that the former have a capacity to migrate, 
rather than that they possess a gregarious phase. 
When the population in the outbreak areas con¬ 
sists of sparse soUtaria, my migration that takes 
place would not be noticed; when it consists of 
very numerous gregaria it is noticed, both because 
of the very large numbers involved, and because 
their gregariousness makes the unit of observation 
the swarm rather than the individual (see also 
Wiliams, 1947, p. 176). Furthermore, migration 
at densities intermediate between very sparse and 
very dense must often be forestalled by the process 
of phase transformation, which concentrates such 
populations before migration commences. Thus the 
false impression is gained that only phase gregaria 


migrates. On the other hand, although careful 
comparative studies of the migration of the phases 
have not been made, there is evidence that trans¬ 
formation into the phase gregaria has a quanti¬ 
tative effect upon migration which is probably im¬ 
portant in connection with outbreaks, at least of 
some species. Thus it probably makes migration 
more general among the locusts of an outbreak 
area. It also induces migration before the available 
food in the outbreak area is consumed, and main- 
tarns the migratory urge irrespective of the food 
supply in the invasion area. The evidence sug¬ 
gests that the phase solitaria migrates mainly, 
perhaps only, when conditions have become un¬ 
favorable. 

Thus phase transformation may be regarded as 
a contributing factor in the production of out¬ 
breaks, at any rate of species in which migration 
is a condition for economic damage, but it cannot 
be regarded as a fundamental prerequisite, “the 
key to the whole problem.^’ Furthermore, even 
this limited role is a function of the change in 
migratory behavior and fecundity only, and we 
have seen that the physical phase characters are 
not only poorly correlated with the behavior char¬ 
acters, but make little or no contribution to their 
transformation. Thus the greater the emphasis 
placed upon the physical characters in the con¬ 
cept of “phase,” the less justification is there for 
regarding phase transformation as having a signif¬ 
icance in the development of outbreaks. 

There is even less reason to associate phase 
transformation of locusts with the periodicity of 
their outbreaks than with the origin of them. 
Even if we were to concede that the appearance 
of locusts in an invasion area were entirely the 
consequence of phase transformation, we must rec¬ 
ognize that that transformation is itself the conse¬ 
quence of conditions in the outbreak areas which 
determine the density of the locust population 
there. Kennedy (1939) has concluded that the 
“decisive factor in an outbreak year” is multipli¬ 
cation (“virtual concentration”) and the factors 
permitting it, and the same view has been ex¬ 
pressed by Maxwell-Barling (1936) and Zolotarev- 
sky and Murat (1938). Thus, as regards periodicity 
of outbreaks, locusts are in no different position 
from grasshoppers and many other insect pests: 
the periodicity is due to the periodic occurrence 
of particular environmental conditions. 

The undue emphasis upon phase transforma¬ 
tion as a cause of outbreaks and their periodicity 
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has distracted attention from the really basic 
causes of these phenomena, namely the multiplica¬ 
tion of the insects as conditioned by climatic and 
various topographical features of the environment. 
Thus the outbreak area has been defined, not as a 
region in which conditions permit such a high 
degree of multiplication tliat swarms are formed 
and emigration takes place, but as a region in 
which phase transformation takes place (in the 
outbreak centres) [p. 381]. In the study of out¬ 
break areas the emphasis has been placed upon 
the transformations of behavior that occur there, 
rather than upon the characteristics that promote 
multiplication. Indeed Uvarov (1937), from purely 
theoretical considerations connected with the en¬ 
vironmental conditions for phase transformation, 
has argued (p. 6) that .. we can now safely dis¬ 
pose of the old conception that the outbreaks com¬ 
mence in the areas and seasons with the most 
favorable conditions for the species,” and that the 
outbreak areas are actually located on the fringes 
of the continuous specific area, where the locust 
leads “a somewhat precarious existence.” The 
same view has been expressed by Zolotarevsky 
(1946, p. 103). 

It is difficult to see how such a view can be 
sustained, in view of the wealth of observations 
to the contrary. The outbreak areas are pre¬ 
eminently areas in which locusts can always be 
found, frequently in numbers very much above 
those outside. The work of Faure (1932) has made 
this sufficiently clear for Locustana pardalina, 
but the same observation has been made by many 
authors on several different species. Shortly before 
the commencement of an outbreak the locust 
population of an outbreak area is at a very high 
level. It is not just a matter of dense but widely- 
scattered local concentrations. At this stage con¬ 
centration is only beginning, and a moderately 
dense population is spread over extensive areas 
(see Smit, 1939). Wlierever the boundary of the 
outbreak area is clearly marked, for example by a 
soil change, the difference in the population inside 
and outside the area is very noticeable (see Key, 
1945). It is obvious, of course^ that a very low 
level of population is reached in an outbreak area 
after the emigration of swarms. It is therefore a 
rernarkable demonstration of the special favora- 
biiity of outbreak areas for multiplication that 
within a comparatively few years this popuktbn 
should be able to , reach the critical density for 


swarm-formation once more, whereas elsewhere it 
remains at a comparatively low level. 

Key (1945) has proved conclusively that the 
outbreak areas of Chortoicetes terminifera are lo¬ 
cated in the climatically most favorable portion 
of its distribution area. Within this climatic region, 
the limits of the outbreak areas are determined by 
characters of the soil and vegetation, and these, 
too, have been shown to be particularly favorable 
to the survival and multiplication of the locust 
(Key, 1945; Clark, 1947a). 

At the risk of appearing to digress too far from 
the main subject under discussion, it may be of 
interest to consider in what way the general char¬ 
acteristics of locust outbreak areas could favor 
survival and multiplication of the insects, and 
why this crucial role of the outbreak areas has 
remained unrecognized, or has been denied, in the 
past. 

It has, of course, been recognized that multiplication 
must precede phase transformation in the outbreak 
areas, but the general view has been that the role of 
these areas is to promote concentration, and that they 
are no more favorable to multiplication than many other 
parts of the permanent habitat. 

Perhaps the most universal ecological charac¬ 
teristic of outbreak areas is a marked “patchiness” 
of the environment, and particularly of the Hefbace- 
ous vegetation. Such a patchiness is commonly 
found in the eqotones between distinct major plant 
communities, but may also occur elsewhere. It pro¬ 
duces a mosaic of habitats, the extremes of which 
may be very different. Now probably all locusts 
show distmct habitat preferences at different stages 
of their development, the preferred habitats for 
the eggs and for the adults, in particular, being 
commonly widely divergent. If we assume that 
these preferences correspond to differences in the 
favorableness of the habitats for survival and op¬ 
timal functioning of each stage, it follows that a 
region in which the major preferred habitats are 
distributed in a patchwork, on such a scale that 
both habitats are within the normal dispersal 
range of the locusts, will be more favorable to 
survival and optimal functioning than any uni¬ 
form environment. It has been observed that 
locusts of several species do, in fact, utilize the 
patchiness of their outbreak areas in their various 
activities (ci Kennedy, 1939, Smit, 1939, Boden- 
heimer, 1944, etc.). 

Apart from providing optimal habitats for differ- 
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ent life-cycle stages, a patchy environment of the 
right t 3 ^e has a buffering effect on gross climatic 
variation. In such an environment a mobile insect 
can find optimal, or at least tolerable, microcli¬ 
mates under the most extreme general climatic 
conditions, and its survival and normal functioning 
are thereby promoted. Further, in a patchy en¬ 
vironment one extreme habitat is connected with 
the other extreme by a gradient of intermediate 
conditions. Weather and seasonal factors may alter 
the characteristics of an area that was formerly 
optimal for a given stage of the life-cycle, but at 
the same time these factors would be likely to re¬ 
produce the optimal habitat a little further along 
the gradient between the two extremes, so that in 
effect ail that has happened is that the optimal 
habitat has shifted its location. 

These advantages of a patchy environment from 
the point of view of keeping locusts alive under 
unfavorable conditions, and promoting their rapid 
increase under more favorable ones, seem evident 
enough. However, precisely the same patchiness is 
conducive, largely for the same reasons, to periodic 
concentration and, on the smaller scale, aggrega¬ 
tion of locusts, and thus to phase transformation 
(cf. Uvarov, 1937, and others). The predominant 
preoccupation with phase transformation as the 
crucial process in the development of outbreaks, 
and as the criterion of outbreak areas, has had the 
result that the concentrating function of the 
patchy environment was regarded as sufficient ex¬ 
planation of its close association with outbreak 
areas, and its more fundamental function in re¬ 
lation to multiplication was overlooked. 

Another very general characteristic of outbreak 
areas is climatic instability. This, also, has been 
evaluated almost entirely in terms of concentra¬ 
tion, as promoting wide fluctuation in the areas of 
favorable habitats (cf. Uvarov, 1937), and syn¬ 
chronizing the life-cycle. However, this instability 
must have another consequence which may well 
be of much greater importance in locust epidemi¬ 
ology. In a favorable but stable natural environ¬ 
ment an insect population tends to approach a 
stable equilibrium with its predators and parasites, 
and this precludes excessive multiplication of any 
one member of the system. In an unstable environ¬ 
ment, on the other hand, the host can temporarily 
escape from the restrictive influence of its biotic 
controls and build up to very high numbers. When 
this is accompanied by migration, the food supply 
can recover, and the stage is set for a repetition 


of the process with the next swing of the climatic 
cycle. 

The arid nature of the outbreak areas of many 
locusts has perhaps contributed to the belief that 
they must be relatively unfavorable. Apart from 
the fact that aridity is usually associated with the 
favorable factor of climatic instability, this view 
also ignores the deleterious effect of over-moist 
conditions upon most Acrididae. This effect seems 
to operate mainly through bacterial and fungal 
diseases, and is so powerful as to restrict certain 
species to regions ’^ith an annual rainfall of less 
than 10 in., when there appears to be no other 
reason why they should not occupy better country 
in which their food supply would be assured. The 
fact that a population increase of such species fol¬ 
lows good rains in the arid regions is not neces¬ 
sarily relevant to the question, because there is 
a very great difference ecologically between oc¬ 
casional heavy rain in an arid region and con¬ 
tinuous humid conditions of the same degree else¬ 
where. 

For an elaboration of the point of view of the 
preceding paragraphs in relation to Ckortoicetes 
ierminifera and Amtroicetes cmciaia^ the reader is 
referred to the work of Key (1945) and Clark 
(1947a, 1947b). 

The conclusion that phase transformation, even 
in its purely behavioral aspects, is a subsidiary 
factor in locust epidemiology caUs for a restriction 
in the use of phase terminology in this field, and 
such restriction is the more necessary the greater 
tlae emphasis placed upon physical characters in 
the definition of phase. In epidemiology the ex¬ 
pression ^^phase transformation” can almost al¬ 
ways be replaced with advantage by the expression 
“swarm formation.” The term “swarm” includes 
the ideas of large numbers, gregariousness, and 
migratory capacity, and “swarm formation*^ thus 
describes very adequately the crucial process from 
the point of view of the development of a locust 
outbreak. It further avoids all the ambiguities of 
the phase terminology. From the point of view of 
epidemiology it is almost entirely immaterial 
whether the individuals composing a locust swarm 
are typical phase gregaria^ or, as in the swarm 
described by Kennedy (1939), typical phase soli- 
tana. The Fourth International Locust Confer¬ 
ence placed the emphasis in the wrong place when 
it resolved [p. 370] that the phdSQ soUtaria is “rela¬ 
tively harmless,” and the phase gregaria 
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gerous”: it is onty numbers and migratory capac¬ 
ity that are dangerous. 

Australian workers on locust epidemiology have 
avoided the phase temiiiiology altogether, and 
have employed such expressions as “swarm forma¬ 
tion/' “non-swarming population/’ etc., without 
any loss of meaning and without undue circum¬ 
locution. Faure (1935, pp. 27-28) has also de¬ 
scribed the origin of an outbreak quite success¬ 
fully without reference to phase transformation. 
The author has elsewhere (Key, 1938, 1945) pro¬ 
posed definitions of “distribution area,” “infesta¬ 
tion area” (which includes “invasion area”), and 
^^outbreak centre,” in which the usual phase 
terminology of these definitions is replaced. The 
whole range of distributional terms used in locust 
ecology may be defined along these lines as follows: 
Total distribution area: The region in which the 
species has at any time been found. 

Area of permanent occupation: The region in 
which the species is always to be found (i.e., if 
searched for with suf&cient thoroughness in the 
right habitats and at the right time of year). 
Infestation area: The region in which swarms of 
the species have at any time been found. 
Outbreak center: An area the ecological condi¬ 
tions of which sometimes lead to swarm-forma¬ 
tion, and all parts of which contribute to this 
effect. 

, Outbreak area: An area containing numerous out¬ 
break centers interspersed with non-outbreak- 
center country, and usually separated from the 
surrounding country by relatively sharp dis¬ 
continuities in frequency of outbreak centers 
and in topographical features (mcluding soil and 
vegetation, as well as physiography). 

Outbreak region: The whole region in which the 
outbreak areas are situated. 

Invasion area; The region which has at any time 
been invaded by swarms, but in which swarm- 
formation cannot occur (i.e., the infestation area 
less the outbreak areas). 

SwarmTormation itself may be defined as “the 
formation of swarms from a non-swarming popu¬ 
lation,”' 

WJmi Does the. Phase Theory Statef 

We may now pass from the component concepts 
and terminology of the Phase Theory to the Phase 
Theory itself w It is remarkable that the literature 
s3feuld coht^in no clear and simple statement of 
what the Theory actuaffy is. 'In spite of this 


lack, it is possible to infer, particularly from 
Uvarov’s own earliest publications on the subject, 
what the basic propositions are. Unfortunately, 
the lack of clarity at the beginning has opened the 
door to varied interpretations and extensions of 
the content of the theory, so that it is by no means 
certain that general agreement can now be ob¬ 
tained on its scope. 

It has already been stated [p. 364] that the 
theory as originally presented could be reduced to 
three propositions. Of these, only two are really 
fundamental, namely: 

1. In certain locusts there are two distinct forms 
of infraspecific status—the “phases”—which 
are connected by transitional forms, and are 
mutually transformable in successive gener¬ 
ations; and 

2. The transformation of the phases is responsi¬ 
ble for the periodicity of locust outbreaks. 

It has been shown above that the second of these 
propositions cannot be upheld: that, in fact, phase 
transformation is at most a contributing factor in 
locust outbreaks, or one responsible for certain 
features of the outbreaks only. This leaves us with 
the first proposition, and we have now to consider 
what expansion of that proposition is necessary 
in the light of our increased knowledge. 

In the first place, we have to decide whether we 
can agree with Zolotarevsky (1946, p. 43) in ad¬ 
mitting to the field of the Phase Theory variations 
due to the interaction of individuals, if no physical 
differences between the two t 3 rpes can be discerned 
[p. 378], This involves the question, already raised 
in this paper [p. 384], whether the Phase Theory 
can have any specific content at aU if it does not 
concern itself primarily with physical differences. 
All the other phenomena of phases, as Zolotarevsky 
(1946) has rightly stated [p. 378], and Klingstedt 
(1939) and Chauvin (1941) also suggested, have 
been well known for many years in a wide range of 
animals. Migration, for example, has been studied 
in some detail in birds, fishes, mammals, and in¬ 
sects. It is commonly associated with temporary 
gregariousness, sexual maturation,- or both. It in¬ 
volves extensive mutual interaction of individuals, 
increase of their activity, and alteration of their 
usual behavior patterns. Parallel with these 
changes go fundamental physiological changes. In¬ 
cidentally, these migrations may lead, to what one 
might call “outbreaks” of the species concerned 
in the region invaded. Where these changes have 
not been found to involve parallel “physical” 
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changes, or at least significant changes in the type 
of physical character used in the taxonomy of the 
group, they could be, and were, studied perfectly 
satisfactorily without the aid of any Phase Theory. 
It was only when a species was encountered in 
which the individuals composing gregarious popu¬ 
lations were found to be so unlike those composing 
non-gregarious populations as to be regarded as a 
distinct species that scientific advance was blocked, 
and the stage was set for a theory that would re¬ 
integrate the species as an object of study, by de¬ 
claring that the two forms are conspecific and 
mutually transformable. In investigating the epi¬ 
demiology of locusts, workers who had been baffled 
by the apparently complete disappearance of the 
species after one outbreak, and its reappearance 
“from nowhere^’ at the commencement of the next, 
could then apply the appropriate ecological meth¬ 
ods of study to the species over its whole range 
of abundance, with very gratifying results. It ap¬ 
pears incontrovertible that, were it not for the 
fact of physical (morphological and color) differ¬ 
ences between gregarious and non-gregarious popu¬ 
lations of locusts, there would have been no Phase 
Theory and no need for one. 

Many prominent workers on phases appear to 
have adopted the view that the fields of study (in 
ecology, epidemiology, and social behavior) that 
were thus made possible by the major contribution 
of the Phase Theory in reintegrating the species 
should be, so to speak, taken under the banner of 
the Phase Theory itself, becoming extensions and 
logical consequences of it. It is probably along 
some such lines as these that the mistaken em¬ 
phasis came to be placed on phase transformation 
in connection with the periodicity of outbreaks. 
As a result the concept of the Phase Theory has 
steadily widened, until to many authors it calls 
to mind the periodicity of outbreaks, the recog¬ 
nition of outbreak areas, and the mechanism of 
the development of gregarious behavior, rather 
than physical differences. Zolotarevsky’s refer¬ 
ences (1946, p. 108) to the mysterious “nature” 
of the phenomenon of phases, as distinct from their 
“manifestations,” strike an almost metaphysical 
note; for if the Phase Theory is concerned with 
anything at all, it is concerned precisely with 
“manifestations,” We must, then, retain the con¬ 
cept of physical differentiation as the core of the 
Phase Theory.' 

The Phase Theory as originally promulgated 
referred only to locusts. Subsequently, phases 


were shown to exist in other Orthoptera [pp. 368, 
369, 377] and in certain Lepidoptera [pp. 376, 377, 
378]. It seems very probable that at least rudi¬ 
mentary phase differences may be found in other 
groups of insects, and m animals other than in¬ 
sects. The theory should be stated in sufficiently 
general terms to cover these possibilities. Further, 
the original theory specified two distinct forms, 
although these were connected by a complete 
series of intergrades. In discussing the concept 
^‘phase,” the view has been taken that this term 
is applicable to all the innumerable forms of the 
series [pp. 383, 384], so that the number of possible 
phases becomes infinite. 

Finally, it seems essential to include in any 
statement of the Phase Theory a definition of the 
particular kind of variation with which the theory 
deals. As we have seen [pp. 383, 383], the phases 
were originally regarded as types of individual asso¬ 
ciated with different degrees of gregariousness. As 
investigations continued, it was found that both 
the physical characters of the types and their 
degree of gregariousness are determined by the 
populaiioft density, and that population density 
exerts its influence through mutual stimulation. Ac- 
tivity has long been regarded as the usual means 
whereby mutual stimulation determines phase, al¬ 
though this has been denied by Chauvin (1941). 
We cannot be content with Zolotarevsky^s “inter¬ 
action” as the determining factor (Zolotarevsky, 
1946), because physical clianges that have nothing 
to do with phases can result from interaction (e.g., 
changes in size due to competition for food, or the 
controlled production of castes in social insects). 
In view of the occurrence of physical changes, in 
all respects analogous to phase changes, in insects 
that vary strongly in population density but do 
not show actual gregariousness (Rubtzov, 1935; 
Chopard, 1935; etc.), and also in sparse, non- 
gregarious populations of locusts of different den¬ 
sity (du Plessis, 1939; etc.), it appears unwise 
to restrict the Phase Theory to physical types as¬ 
sociated with gregariousness. At the same time, we 
can hardly admit as a phase any physical type 
owing its character to a particular level of activity, 
quite apart from the doubts on the significance of 
activity introduced by Chauvin (1941). The nature 
of the variation we are concerned with seems to be 
fully specified, however, if we say that it normaly 
depends upon the degree of mutual sUnulaiim in 
populations of diff^mt density. The qualification 
“normally” is necessitated by the evidence that 
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more or less typical phase changes can be pro¬ 
duced, at least in the laboratory, in isolated in¬ 
dividuals, 

CONCLUSIONS 

In the light of the considerations brought for¬ 
ward in the above analysis, the following con¬ 
clusions may be drawn: 

1. Uvarov’s Phase Theory, which has never 
been succinctly formulated, may be stated as fol¬ 
lows: 

In certain animals, different degrees of mutual 
stimulation between the individuals composing 
populations of different densities lead to the ap¬ 
pearance of distinct physical types—the 
“phases”—which t 3 ^ically differ also in their 
physiology and behavior. The phases may, 
within one or several generations, be trans¬ 
formed one into the other by an alteration in 
the degree of mutual stimulation. 

In this statement the accent is upon physical differ¬ 
entiation (without which the theory could have no 
specific content), in relation to population den¬ 
sity rather than gregariousness. No limit is placed 
upon the number of phases that may be recog¬ 
nized, and the scope of the theory is widened to 
indude any animal. 

2. Phase transformation must be regarded as a 
secondary concomitant in tlie development of lo¬ 
cust outbreaks, or at most a minor contributing 
factor in which only certain aspects of the trans¬ 
formation are significant. The development of out¬ 
breaks and their periodicity are not, strictly soeak- 
ing, the concern of the Phase Theory at all. 

3. A phase is a type of individual whose dis¬ 
tinctive physical and other characters are of the 
kind determined by the amount of mutual stimu¬ 
lation experienced in a population of a particular 
density, 

[It is, of course, a simpler matter to define “phase 
variation” than “phase.” The former is a more ab¬ 
stract concept, and as such can be isolated in 
thought from other kinds of variation to which 
an animal may be subject. “Phase,” while still an 
abstraction, refers to the characters of concrete in¬ 
dividuals in which the effects of phase variation 
cannot be completely separated from those of other 
sources of variation. Thus phase variation is 
suphthnposed upon variation due to independent 
environmental and genetic factors affecting the 
same cbaracters, though usually to a much smaller 
di^ree. Further, the degree of mutual stimulation, 


and hence the extent of phase variation, may it¬ 
self be modified by environmental and interna! 
factors acting independently of population den¬ 
sity.] 

4. In a more specific sense, a phase is one of 
three such types designated respectively soliiaria^ 
transiens, and gregaria. The phase solitaria is the 
type characteristic of populations showing no trace 
of gregariousness, and whose immediate ante¬ 
cedents also showed no gregariousness. The phase 
gregaria is best defined as the type characteristic 
of swarms, i.e., populations showing clearly- 
marked gregariousness, and behaving substantially 
as collective units. The phase transiens is the type 
characteristic of populations with a history of 
gregariousness intermediate between that of 
solitaria and gregaria. 

5. Non-gregarious grasshoppers, and other non- 
gregarious animals, cannot, therefore, possess a 
phase gregaria, even when they occur in dense 
populations; but they may show phase variation. 
If they show slight gregariousness, without forming 
definite swarms, they may be conceded a phase 
transiens. 

6. The categories congreganF^ and ^^dissoaianF^ 
are not phases, because they are not defined on 
the basis of a difference in mutual stimulation, 
population density, or gregariousness, and do not 
necessarily display distinctive physical or other 
characters. If one wishes to indicate the direction 
of phase change, such terms as “gregarizing in¬ 
dividuals” and “degregarizing individuals” might 
be used, although it is necessary to remember 
that there is never any guarantee that an ob¬ 
served trend in phase transformation will be main¬ 
tained in the same direction for any length of 
time. 

7. ^^Phase” is essentially a characteristic of in¬ 
dividuals. However, a population may be said to 
have a phase, in the specific sense of ph. solitaria, 
transiens, or gregaria, if it is entirely homogeneous 
for the phase in question. 

8. A measure of what may be called the “phase 
status” of a population may be obtained iu the 
form of means and standard deviations for suit¬ 
able phase characters of the component indi¬ 
viduals, or by a frequency measure. In the case 
of a morphometric ratio, any such mean must 
be the mean of the individual ratios, and not the 
ratio of the totals of the absolute measurements, 
as recommended by successive International 
Locust Conferences. The phase stathl-df; popu- 
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lation may also be estimated by the sexual di¬ 
morphism ratio and other measures which, while 
depending upon individual phase characters, are 
not themselves measurable in the individual. 

9. The degree of correlation between different 
phase characters, both physical and biological, is 
low, so that the indications of phase given by differ¬ 
ent characters may be markedly conflicting. This 
makes it impossible, for example, to draw reliable 
inferences as to behavior from the physical charac¬ 
ters, and has led to general confusion as to what is 
implied, in any particular instance, by the phase 
terminology. 

10. As a consequence, we are faced with the 
alternatives of (a) reconciling ourselves to using 
the phase categories in a vague way to indicate 
types with ili-defined constellations of characters, 
or (b) defining the phases of each species in a rigid, 

j^if somewhat arbitrary manner, by means of ranges 
of values of the best morphometric character for 
differentiating the phases in that particular species. 
This choice is by no means an easy one, but alterna¬ 
tive (b) is to be preferred, since it does provide a 
completely objective basis for defining the phases 
by using that physical character, open to quanti¬ 
tative estimation, 'which is the most intimately 
associated with the cause of phase differences. 
Adopting this course, it is clear that only adult 
insects, with the parts to be measured undamaged, 
can be classifled into phases. N 3 niiphs and damaged 
adults cannot be identified with certainty. While 
this is unfortunate, the situation is no different 
from that in which material of all stages is placed 
under alternative (a), where, since the phases 
themselves are not rigidly defined, no specimen or 
series can be certainly identified. 

[Since the whole field of locust ecology and epi¬ 
demiology can be studied without reference to 
phases, the phase terminology could no doubt be 
dispensed with altogether if we had only the re¬ 
quirements of this field to consider. But the phases 
have a taxonomic, as well as a biological signifi¬ 
cance. Taxonomy is concerned with the full range 
of physical variation of a species, and well-marked 
infraspecific forms need to be differentiated and 
named.]' 

11. In determining the ranges of the best mor¬ 
phometric character for use in defining each phase, 
the following procedure is desirable: Numerous 
large series of specimens should be obtained for a 
number of different localities and seasons, and 
representing the full range of gregariousness from 


sparse non-swarming populations with non-swarm¬ 
ing antecedents up to the largest and densest 
swarms with swarming antecedents. These series 
should be grouped, purely on their degree and his¬ 
tory of gregariousness, as ^‘non-swarming with 
non-swarming antecedents,’^ “swarms,” and “inter¬ 
mediate.” Series means, group means, and the in¬ 
terseries variance within each group should be cal¬ 
culated for each major morphometric character. 
The best indicator of phase may then be selected 
as that character which gives the most signi&cant 
differences between the groups. This best indicator 
should be a phase character proper, and not, for 
example, the sexual dimorphism ratio, which can¬ 
not be applied to individual insects. 

Using the series means of the best indicator, the 
range of means corresponding to each of the three 
categories of gregariousness should be determined. 
Overlap will be found, not only between the ranges 
for adjacent categories in the gregariousness se¬ 
quence, but sometimes also between the range for 
non-swarming populations with non-swarming an¬ 
tecedents, and the range for swarms. Arbitrary 
limiting values should then be selected so as to 
give three contiguous, non-overlapping ranges, in 
which a maximum proportion of the series means 
will fall into the phase to be expected from the 
degree and history of gregariousness of the series. 
The phases in the particular species concerned are 
then rigidly defined by these ranges of the best 
indicator. The phase status of any series can then 
be determined as solitaria^ transiensy or gregaria 
on the basis of its mean for the selected character, 
and any individual can be assigned to its phase on 
the basis of its individual value for the character. 

12. It remains desirable to have some means for 
indicating the general phase affinities of nymphs, 
etc,, which cannot be definitely classified under the 
system proposed. Sometimes it may be best simply 
to describe in a few words what the significant 
diaracters of such individuals are. Thus one might 
speak of ^^black fiist-instar hoppers,” Something 
more than this is required to indicate the general 
ensemble of characters, and the terms “solitarioid,” 
^^gregarioid,” and “transientoid” might be used 
for that purpose, not italicized, not accompanied 
by the word “phase,” and necessarily of somewhat 
uncertain connotation. For example, one might 
say: “The swarm of yellow, gregarioid adults, of 
which no specimens were taken, produced typically 
gregarioid hopper progeny. Stragglers from thk 
band became transientoid by the final instat, and 
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gave rise to pb. transiens adults,’^ The same termi¬ 
nology could be used for species in which phase 
studies are not sufficiently advanced for rigid 
definition of the phases to have been possible. 

13. The '^outbreak process” is more readily 
analyzabie into operative processes than into stages 
in time. The essential process is the ^^vicious circle 
of swarm formation,” which is a purely behavior 
phenomenon. The classical physical phase differ¬ 
ences arise as secondary consequences of the out¬ 
break process, and play no important part in pro¬ 
moting either further phase transformation or 
further development of the outbreak process. They 
are, at most, pointers to the stage that has been 
reached in the outbreak process, and somewhat un¬ 
reliable pointers at that. 

14. The definition of the phases on the basis of 
physical characters, coupled with the uncertain 
correlation bet^veen the phj^sical characters and 
behavior, calls for an independent classification of 
individuals and populations on a behavior basis. 
The unambiguous terms “swarming” and “non¬ 
swarming” are proposed for this purpose, the 
latter being synonymous with “solitary-living.” 
The dual classification then permits such combina¬ 
tions as “swarms of ph. solitaria/^ “non-swarming 
gregarioid hoppers,” etc. 

15. The fundamental cause of outbreaks of 


locusts is multiplication, and the ^Wegular perio¬ 
dicity” of outbreaks is primarily due to changes in 
the population level of the outbreak areas, whose 
ecological characteristcs are particularly well 
adapted to permit survival under unfavorable 
conditions and rapid multiplication under favor¬ 
able conditions. Several features of the outbreak 
areas that make them favorable for locust multi¬ 
plication also promote concentration, and thus set 
in train the development of gregariousness and 
transformation into the ph. gregaria. In the course 
of these changes migration is probably stimulated; 
certainly it is made immediately obvious, and prac¬ 
tically significant, on account of the gregariousness 
of the insects and their numbers. 

16. The factors of abundance, gregariousness, 
and migratory capacity are all reflected in the 
word “swarm,” and the essential process that goes 
on in the outbreak areas is best described as “swarm 
formation.” It is the change in the abundance 
and behavior of locusts in the outbreak areas that 
produces an outbreak, rather than phase trans¬ 
formation. “Outbreak area,” “outbreak center,” 
and other distributional terms used in locust epi¬ 
demiology are therefore best defined in terms of 
the contrast between swarms and non-swarming 
populations, rather than tlie contrast between the 
phases. 
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A review of pRmcrPLEs of Animal Ecology. 

By W. C. Allee, Alfred E. E^nerson, Orlando Park, 
Thomas Park and Karl P. ScJmidt. W. B. Saunders 
Co., Philadelphia and London. |14.00. xii + S37 
pp.;ili. 1949. 

It is no longer a common practice among biologists, as 
it used to be up to about a generation ago, to write 
books summarizing the state of knowledge in their 
branch of science. This is probably because, in our 
day of intense research activity in many fields, new 
data accrue so rapidly, chiefly in the form of short 
journal articles, that a summary becomes antiquated 
often before the printer’s ink is dry. Yet such books 
are invaluable to advanced students and to beginning 
research workers who need to find out what has and 
what has not been accomplished by their predecessors 
in their chosen field; textbooks do not serve this pur¬ 
pose, except incidentally. Such books are also a 
boon to workers in related disciplines, who otherwise 
find it difficult to keep abreast of developments outside 
their own specialty. It is, therefore, extremely grati¬ 
fying that the five most eminent representatives of the 
Chicago school of ecology have written study of the 
underlying principles [of animal ecology] together with 
a sampling of the evidence on which they are based.’' 
The “sampling” is, however, so generous, (the bibli-' 
ography alone occupying 71 pages), and the presenta¬ 
tion so concise that the book approaches the status of 
a Ml-fledged encyclopedic treatise on modern animal 
ecology. 

It may well be that ecology has needed just such a 
treatise more than any other biological discipline, be¬ 
cause it covers an exceptionally broad field with some¬ 
what indefinite boundaries. The authors define ecol- 
as “the science of the interrelation between Eving 
organisms and their envircmment, induding both the 


physical and the biotic environments, and emphasizing 
interspecies as well as intraspecies relations.” Ecology 
impinges upon almost every other biological discipline, 
and upon several physical sciences as well. The book 
under review discusses topics as diverse as geological 
climates, oceanic currents, atmospheric gases, soil 
chemistry, mutualism and parasitism, human demog¬ 
raphy, interspecific competition, the organization of 
insect societies, marine sediments, environmentally 
induced mutations, hybrid sterility, rudimentation, 
sexual selection, etc. This does not, however, mean 
that ecology has become a sort of holding company 
superimposed upon other disciplines; it means that 
ecology is a discipline in which synthesis plays a greater 
role than it does in many other fields, and which may 
accordingly be instrumental in tying together other¬ 
wise scarcely related specialties. It is therefore im¬ 
portant to show, as this book does so admirably, how 
the almost bewilderingly diversified subject matter 
fits together with a core of clearly defined principles. 
And it must be noted in this connection that although 
the book under review claims to cover only animal 
ecology, the authors have, as they were well-nigh forced 
to, drawn freely upon plant material. Nevertheless, 
this reviewer cannot restrain himself from expressing a 
regret that botanical ecologists are not included among 
the authors so that the word “animal” might have 
been deleted from the title. 

The book opens with an introduction containing 
important definitions and statements of principles and 
a concise history of ecology. This was written by W. 
C. Allee, Thomas Bark, and K. B. Schmidt. There 
follows a section on the Analysis of the Environment, 
written mainly by W. C. AJlee, which is a masterpiece of 
lucid presentation and of integration of most diversi¬ 
fied material. Sections on Populations (by Thomas 
Bark) and on The Community (by Orlando Park) 
form the central portion of the book, which concludes 
with a section on Ecology and Evolution by A. E. 
Emerson. 
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Park defines population as “any single or mixed 
species association in the laboratory or in nature that 
presents a closely interacting system which can be 
studied and expressed with some quantitative rigor.” 
This iSj of course, a much broader concept than the 
(Mendelian) population of geneticists, which is a group 
of sexually reproducing and cross-fertilizing individuals 
which possess a common gene pool. Ecological popu¬ 
lation studies include the analysis of natality, mortal¬ 
ity, age distribution, rates of growth, equilibria, oscil¬ 
lations, and interspecies competition in populations. 
The major community is defined (by 0. Park) as “a 
natural assemblage of organisms which, together with 
its habitat, has reached a survival level such that it is 
relatively independent of adjacent assemblages of equal 
rank; to this extent, given radiant energy, it is self- 
sustaining.” In my own opinion, this very cogent 
definition represents a goal to be aimed at in commun¬ 
ity studies; up to now, such studies have been in the 
main descriptive rather than analytic, and have given 
little information on the survival levels and self-sustain¬ 
ing abilities of the assemblages examined. This should 
not be construed as a criticism of the definition—defini¬ 
tions may be more useful if they serve to direct further 
research into proper channels than if they merely 
summarize the inadequacies of the present knowledge. 

The short chapter on Animal Aggregations (by W. 
C. Allee) is, to me, one of the most thought-provoking 
in the book. The central idea here is “that natural, 
unconscious mutualism is one of the basic principles of 
biology.” Tliis generalization is supported by a mass 
of diversified evidence which shows that the proto¬ 
cooperation and cooperation of organisms of the same 
and of diflferent species have great survival values. 
This is, evidently, an important corrective to the naive 
view that evolution is promoted exclusively by the 
struggle for existence. The “struggle” involves co¬ 
operative as well as disoperative elements, and the 
former are adaptively more efficient. This idea is 
extended further by A. E. Emerson in the concluding 
pages of the book, where the adaptive value of the in¬ 
tegration of organisms in communities is visualized as 
leading to formation of “a biotic system that may 
appropriately be called an interspecies supraorganism. 
The incorporation and control of the physical habitat 
by the interspecies supraorganism produces a unitary 
ecosystem.” The validity of the concept of supraor¬ 
ganism will depend upon the precise meaning put into 
it; in my opinion, no serious objection should be raised 
against its use in the book under consideration, but it 
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is a construct which is peculiarly apt to be misused if 
incompletely understood. 

The inclusion in a treatise on ecology of a thorough 
account of modern theories of evolution connotes a 
most important development of ecological thought, 
one in which A. E. Emerson has been a leader. In¬ 
deed, it is the evolutionary idea that gives an internal 
unity to the field of ecology; and ecological investiga-' 
tions contribute basic data for an understanding of the 
mechanisms of evolution. If the book under review 
were to accomplish nothing more than to persuade 
ecologists that the above propositions are true, its im¬ 
portant role in the history of ecology would be assured. 
The manner of presenting evolutionary theories adopted 
by Emerson resembles, among existing models, that in 
the well-known book by Julian Huxley. Both presen¬ 
tations are characterized by a profusion of references 
to the literature, of inestimable value to students of the 
subject (needless to say, Emerson has used much new 
literature and many sources not known to Huxley). 
The viewpoints of Emerson on certain controversial 
problems happen to differ from my own. Thus, the 
arguments presented in favor of the possibility of sym- 
patric speciation do not seem convincing, and do not 
answer the objections against this possibility recently 
formulated by Ernst Mayr. The inclusion of geo¬ 
graphic (spatial) isolation among reproductive isolat¬ 
ing mechanisms is hardly defensible, since, as Emerson 
admits, geographically isolated populations may be 
genetically identical while reproductively isolated ones 
are necessarily different; furthermore, the term “re¬ 
productive isolation” has been proposed specifically to 
distinguish between the geographical and other forms 
of isolation. Failure to distinguish between these 
categories of isolating mechanisms leads to a lack of 
clarity in the species concept. Despite these, and some 
other disagreements, this reviewer can only endorse 
Emerson^s general evolutionary views. It is a most 
gratifying fact that in our day investigators who start 
from such diverse fields as ecology, genetics, paleontol¬ 
ogy, systematics, or comparative and experimental 
morphology and embryology have arrived at concordant 
interpretations of the evolutionary process. 

In conclusion, I quote the last sentence in the book, 
which epitomizes its general spirit: “Principles that 
assert facts in meaningful order have not fulfilled their 
purpose unless they stimulate further fact finding, 
further discovery of relationships, further synthesis, 
and ultimately contribute to the evolution of human 
wisdom.” 
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GENERAL BIOLOGY: PHILOSOPHY AND 
EDUCATION 

Survey of Biological Progress. Volume I. 

Edited by George S. Avery, Jr. Academic Press, New 

York s-f 396 pp.; ill 1949. 

Witliin recent years growing numbers of harassed in¬ 
vestigators in the fields of physiology, biochemistry, or 
microbiology have turned with gratitude to existing 
literature surveys presented in the form of annual re¬ 
views. These reviews provide a partial solution to the 
problem of keeping informed in areas of information 
not strictly on the reader^s high priority list for source 
reference. The addition of the Survey of Biological 
Progress to the ranks of such volumes will be received 
with interest by a more general audience than has been 
reached in previous attempts to compile current litera¬ 
ture into an assimilable form for the non-specialist. 
Research workers compelled professionally to assume 
a myopic view of the scientific scene, together with 
teachers of the life sciences, will find these eleven review 
articles with their bibliographies a valuable compen¬ 
dium of reference material. Nevertheless, individuals 
will see the volume in the light of their own spheres of 
interest, and the wide range of subject-matter entails a 
risk that for some persons the “misses’’ will outnumber 
the “hits.” The average reader may then look into 
the book for the sake of one or two articles marginal to 
his areas of knowledge, though a study of all will pro¬ 
vide a beneficial antidote to overspecialhzation, and 
thereby fulfill an avowed aim of George S. Avery, the 
editor-in-chief, and his distinguished editorial and ad¬ 
visory staff. 

Three papers are concerned with experimental bot¬ 
any. K. C. Hamner has described the role of environ¬ 
ment in modifying the vitamin concentrations of edible 
plants. Techniques and points of emphasis in the 
cultivation and production of disease resistant plants 
are covered in another chapter, by W. A. Frazier. The 
influence of growth hormones on normal plants and the 
contribution of these hormones to cellular proliferation 
in tissue cultures, regenerative tissue, and plant tumors 
is well reviewed by Philip R. White, an authority whose 
significant contributions to the subject are widely 
known. Discussions of cellular adaptation and habitua¬ 
tion of tissues on defined medium are presented without 
any reference to a possible contribution of genetic 
variability to the adaptive process, a subject of para¬ 
mount interest to workers in related fields. 

Another contributor, L, M. Black, departs periodi- 
caly from his description of plant viruses to give salient 
mmilarities or differences in the virus tumors of the 
frog, fowl leucosis, Rous ^rcoma, and mammary 
mouse cancer; and fibroma, myx:oma, and infectious 
warts of the rabbit Students of psychosomatic medi- 
dne daim to have shown the subsidiary importance of 
psychic factors in the etiology of infectious warts m 


humans. Let reader and rabbit rejoice that this 
added intangible is not yet fair game for Black and his 

colleagues. 

A brief chapter by G. E. Hutchinson and E. S. 
Deevey, Jr. surveys current progress in ecology. lu 
another section R. K. Burns has discussed critically 
the influence of hormones in sex differentiation. The 
development of successful methods for the castration of 
mammalian embryos in utero has given new evidence 
of the significance of the embryonic gonad in the estab¬ 
lishment of sex patterns. In spite of paradoxes, some 
orderly relationships prevail. Response of the em¬ 
bryo to specific dietary deficiencies, and the more 
general problem of nutrition as it affects various phases 
of reproduction is the subject of an analysis by K. F. 
Mason. Martin Ramen fulfills his now traditional role 
as the reviewer of tracer methods in biological research. 
The remarkable advances recently made in the genetics 
of bacteria and viruses are competently surveyed by 
Bentley Glass in a discussion of the gene and gene 
action. In broader scope, his article continues with 
recent discoveries in chemical and physical mutagenesis, 
position effect, multiple allelism, and with an integre- 
tive treatment of the uncertain but challenging rela¬ 
tionship of genes, plasmagenes, viruses, enzymes, and 
the meristic chemical entities governing many of the 
most fundamental biological processes. Glass’s article 
forms a logical prelude to some sections of the chapter 
on growth and development by D. P, Costello. Har¬ 
riet Creighton’s thoughtful treatise on pedagogical 
problems in biology is of potential value to all teachers. 
Charles Darwin and other intellectual of the 

19th century might take exception to her statement 
that “40 or 50 or even 20 or 30 years ago, a large pro¬ 
portion of what was known could be presented in 1 
year.” It is rather that our changing interests have 
left much of the past in obscurity. Modern biology, 
as represented in this book, is very much a topical and 
an experimental science. 

Veknon Bryson 



Protomorphology. The Principles of Cell Auto-Regu¬ 
lation, 

By Royal Lee and William A. Hanson; with an Ap¬ 
pended Article on ‘Vyiotoxines^* by K. R. Victorov, 
Lee Foundation for Nutritional Research, Milwaukee, 
$8.50, xxviii + 36S pp.; ill 1947. 

The central theme of this book seems to be the discus¬ 
sion of the hypothesis that the genes contain an or¬ 
ganized assemblage of smaller units, cytomorphogens^ 
which are composed of still simpler, quite stable unite 
composed principally of minerals which are the deter- 
mbants for the specificity of the biological proteins; 
these basic determinants are the The 
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protomorphogeBS are discussed as exerting profound 
effects on the activity of all living cells. Protomorpho- 
gens are related in this volume to organizers, to throm¬ 
boplastin, to cancer, to arthritis, to senescence, to the 
nausea of pregnancy, to name only a few of the many 
entities or conditions taken up in the volume. The 
authors seem to associate ‘haw” protomorphogen with 
Burrows’ “archusia” and protomorphogen associated 
with a lipoid “wrapper” with Burrows’ “ergusia”; and 
the book is recommended by the reviewer particularly 
to readers with a burning interest in certain aspects of 
the work of Burrows, Carrel, Crile, et alia. Reginald 
the office boy has murmured that Velikovsky might 
be mentioned. 

Jane Oppenheimer 



Laboratory Directions for General Biology. 

By Laurence C. Woodruff and Ruth E. McNair. 
Wm. C. Brown Co., Dubuque, la. $1.35 (paper), 
iv + 69 pp.j ill. 1947. 

This manual contains 15 exercises for a one-semester 
college course, planned to require a minimum of in¬ 
dividual effort from the student. In most cases draw¬ 
ings are provided to be labeled; rarely does the student 
himself have to make a drawing, and then only of the 
simplest things. Most of the experiments are per¬ 
formed as demonstrations, the students recording the 
results and answering a few questions. The Survey 
of the Living World is given in one exercise that in¬ 
cludes both the plant and animal kingdoms in their 
entirety. The exercise on Genetics consists solely of 
counting ratios (3:1 and 9:3:3;1) and working a few 
problems. I have seen Biology Laboratory Manuals 
and Workbooks for high school courses immeasurably 
superior to this. It would be uncharitable to mention 
where tiie course is taught. 

Bentley Glass 



Fundamental Activities in Biology, A Workbook 
and Laboratory Manual for Use With Any Textbook. 
By Edwin L. Barer and Chdsey G. Remley. Republic 
Book Co.f New York 96 cents (paper), x 4* 302 
pp.; ill. ' 1947. 

This workbook and laboratory manual is keyed to be 
used with any of the widely used high school biology 
textbooks. It is extraordinarily complete in coverage. 
Perhaps the major criticism which could be made of 
it is that the workbook aspect rather completely domi¬ 
nates the laboratory manual. The Appendix contains, 
among other features, a section on Audio-Visual Aids 
and another on Special References and Pamphlets 
that will be of considerable service to the teacher. 

Bentley Glass 


BIOLOGY; HISTORY AND BIOGRAPHY 
Die Entwicklitng der makroskopisch-anatom- 

ISCHEN PrAPARIERKUNST VON GaLEN BIS 2UR NeXJZEIT. 

By A. Falter. S. Karger, Basel. S, fr. 15.-(paper). 
iv + 115 pp.; ill 1948. 

This excellent monograph describes the instruments 
used in gross anatomy from antiquity to the present. 
It narrates the evolution of the techniques of macera¬ 
tion, injection, corrosion, transparency, and macroscopi- 
cal dyeing. The author does not claim completeness 
of data, but he comes rather close to it for the i7th 
century. He has paid relatively little attention to 
Galen’s w^ealth of techniques. Otherwise he would 
not give credit to Spieghel for the first corrosion work 
on the liver. The subject-matter is fascinating to 
anyone who has ever had any contact with gross ana¬ 
tomical technique (and most biologists have), and the 
author, who is professor of histology at Fribourg, 
Switzerland, has handled his subject well. The illus¬ 
trations are an integral, and not the least valuable 
part of the book, which is completed by a good chron¬ 
ological table, an index, and a bibliography. 

Erwin H. Ackerknecht 



EVOLUTION 

Introgressive Hybridization. 

By Edgar Anderson. John Wiley & Sons, New York; 

Chapman & Hall, London. $3.00. x + 109 pp.; 
ill 1949. 

In the author’s words, the object of this book is an 
“attempt to take the whole problem (of hybridization 
in evolution) outside the area of argument and opinion 
and into the zone of measurement and analysis.” 
Partly because of the controversial nature of some of 
the interpretations which are suggested but more par¬ 
ticularly because a fruitful method of attack upon the 
problem is outlined, the author’s conclusions should 
be stimulating to geneticist, taxonomist, and plant 
breeder alike. The book is likely to encourage a new 
interest in the collection of detailed and critical infor¬ 
mation. 

The arguments presented may be summarized briefly 
as follows: In a h 3 rpothetical system of completely 
independent genes the number of different recombina¬ 
tions resulting from segregation reaches astronomical 
figures. In actual systems, as a consequence of Enkage, 
the number of recombinations is greatly reduced, and 
though still large, is probably smaller than has been 
commonly reaEzed. When differences between char¬ 
acters of two spedes are determined by many genes, 
the parental characters will tend to cohere in the gen¬ 
erations which result from backcrossing or selfing their 
hybrid. If the parental spedes differ considerably in 
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ecological requirements, only a small fraction of the 
already greatly restricted recombinations will be 
adapted to the available ecological niches. The suc¬ 
cessful types will be usually those recombinations 
which resemble rather closely the parental species. 
Exceptions to this rule are to be found where man has 
^^hybridized the habitat” (e.g., by cultivation), thus 
producing new artificial combinations of physiological 
conditions not normally provided in nature. Under 
such conditions hybrid combinations have a greater 
chance of survival. Since for the most part the fre¬ 
quency of established hybrids will be low relative to 
the frequencies of the parental species, subsequent 
generations will consist of a series of recurrent back- 
crosses of the hybrids to one or other of the parents. 
The net effect will be a restricted transfer of various 
gene combinations from one species to the other— 
a process termed by the author “introgression.” This 
will manifest itself as an increased variability of the 
recurrent parent species. Moreover, the variation will 
he unidirectional and not at random, i.e., it will consist 
of a complex of associated deviations, held together by 
linkage, and having the characteristics in a modified 
degree of the donor parent species from which it was 
derived. It should be possible, therefore, to develop 
objective techniques of measurement to assess the 
amount of introgression which has taken place. In 
favorable material it may even be possible to deduce 
the probable characters of the unknown donor species 
from a careful study of such deviations in the recurrent 
species. 

After reading the book, one is left with at least a 
suspicion that the barrier between species may not be 
as “near-absolute” as is commonly considered to be 
the case, but one is not convinced that linkage per se 
is the basic mechanism for reducing recombination 
between them. Certain theoretical examples presented 
as a demonstration of the importance of linkage do not 
appear to be valid, or, at least, the data can be inter¬ 
preted differently. 

In spite of such controversial issues or perhaps 
because of them, the book holds the reader’s interest 
from cover to cover. The ingenious techniques of 
measurement developed from a basically simple scatter 
diagram exdte admiration and offer a widely adaptable 
method of recording otherwise subjective taxonomic 
observations in an objective and precise manner with 
a view to interpreting them genetically. It suggests 
a method of attacking problems of speciation in which 
the possibilities of cytological and genetic analysis are 
seriously limited by the material, and in which con¬ 
ventional taxonomic analyses are necessarily empirical. 

S. G. Stephens 


GENETICS AND CYTOLOGY 

Introdttzione allo Sttjdio della Genetica per 
Medici, Agrari e Naturalisti. 

By Carlo Sued. Ulrico HoepU, Milan. L.900.— 

(paper), xxiv -f 420 pp. -f 11 plates; text ill. 1944. 
The author’s opening remark is that a more correct 
title for this book could be “An Introduction to General 
Biology from the Standpoint of Genetics.” It is, in 
fact, a book in which a wealth of factual information is 
marshalled so originally to illustrate general principles 
that it makes most delightful and interesting reading. 
Perhaps it may not be an advisable textbook for stu¬ 
dents, but it is certainly an excellent one for teachers. 
Among its many valuable features, I mention the fol¬ 
lowing few: 

Biochemical genetics is dealt with in one chapter, 
summarizing as an example the author’s own work in 
the genetics of carotenoid and ffavone pigments in 
the silkworm. There is not one relevant aspect of 
present biochemical genetics which cannot be illustrated 
clearly by this work. In particular, it brings out the 
importance of the genetic control of permeabilities, 
which is so conspicuously forgotten in most of the 
recent developments in this field. Gene control of 
morphogenesis is dealt with extensively (120 pp.) in 
both plants and animals: these six chapters are perhaps 
the best available review of this subject. About one- 
third of the book deals with the genetics of parasitic 
and symbiotic relationships, and here again the broad 
and happy choice of examples makes it a most valuable 
summary. 

This book will be a very useful reference for teachers 
of generics who wish to keep certain relations of genetics 
to general biology in the right perspective. 

G. Tontecorvo 



GENERAL AND SYSTEMATIC BOTANY 

Journal or Experimental Botany. An Official Or¬ 
gan of the Society for Experimental Biology, Volume J, 
Number 1, 

Edited by T, A, Bennet-Clark. Editorial Committee: 
E. Ashby, G. E. Blackman, R. Brown, F, G, Gregory, 
W, 0. James, W. H. Pearsall, R, D, Preston, and 
M, Thomas, Published by Geoffrey Cumberkge, Ox¬ 
ford University Press, London, Subscription price 
3Ss. per volume. Single numbers 14s. net. Three 
numbers per volume annually. No. 1: 131 pp. + 
5 plates; text ill. March 1950. 

According to the editorial policy, this new journal is 
“a medium for the publication of papers in the field 
of plant physiology, biochemistry, biophysics, experi¬ 
mental agronomy and related topics,” The format 
and style are those characteristic of the Clarendon 
Press. The contents of the first issue are as folows: 
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two articles by Gregory, Milthorpe, Pearse, and Spencer 
on Experimental Studies of the Factors Controlling 
Transpiration; two Studies in Stomatal Behavior, one 
by Heath, and the other by Williams; The Path of 
Carbon in Photosynthesis, by Benson and Calvin; 
Demonstration of Compound Cilia in a Fern Spermato- 
zoid by Means of the Ultra-violet Microscope, by 
Manton; Acid Metabolism of Aspergilltis nigety by 
Allsopp; and The Effects of Sugar and Potassium on 
Extension Growth in the Root, by Brown and Sutcliffe. 



GENERAL AND SYSTEMATIC ZOOLOGY 

Procedure in Taxonomy. Including a reprint in 
translation of the Regies Internationales de la Nomen- 
dature Zoologique (International Code of Zoological 
Nomenclature) with titles of and notes on the Opinions 
rendered to the present date (1907 to 1947). Completely 
indexed. Revised Edition. 

1) By Edward T. Schenk and John E. McMasters; re~ 
edition enlarged and in part rewritten by A. 

Myra Keen and Sienion William Midler. Stanford 

University Press, Stanford, Cal; Geofrey Cumberlege, 
I Oxford University Press, London. $2.50. viii + 93 
' pp. 1948. 

This small work comprises directions for the prepara¬ 
tion of manuscript for papers on systematic zoology; 
an introduction to the rules of nomenclature, and a 
republication of the rules. Being concerned primarily 
with details of manuscript form and of nomenclature, 
its title appears to be seriously misleading. That 
nomenclature is a part of taxonomy is clearly stated 
(p, 2), but taxonomy is then said to be equivalent to 
systematics. Except for its footnotes, which list some 
distinguished examples of systematic works, the book 
is thereafter limited to a discussion of editorial pro¬ 
cedure and to nomenclature rather than to the prin¬ 
ciples of classification, which seem to the reviewer 
essential to a discussion of “Procedure in Taxonomy.^’ 
It is perhaps not invidious to point out that the title 
-of a work on editorial practice should be short, and 
that subtitles in scientific works (which require the 
writing of bibliographic references) should be composed 
so as not to require punctuation, or else should be 
punctuated. The trivia of nomenclature and of form 
of manuscript are discussed without humor or insight. 
It is one of the curses of taxonomy that complete non¬ 
sense, placed in correct form, may become part of its 
Iterature. 

By means of the instructions in this book a young 
zoologist might draw up the description of a new species 
of animal for publication, or might present the reclassifi¬ 
cation of an old one in acceptable form. The sys¬ 
tematic categories, the nomenclature of types, the 
storage of type specimens, the distinction between 


specific and trivial names, and Latin terms and ab¬ 
breviations are discussed in 31 pages. There are 37 
pages for the International Rules of Zoological Nomen¬ 
clature, and 22 pages of index. 

Even in a work whose scope is so specifically limited, 
it should have been pointed out that the taxonomic 
procedures described are the rules for playing a game. 
The game is, indeed, a distinguished one, engaged in 
by a world-wide group of players, and the rules are 
elaborate, international, and often obscure. Inade¬ 
quate and premature descriptions of new species, pre¬ 
pared precisely according to the rules, or resurrections 
of long defunct names (also according to rule) rushed 
to the press in order to “win,” do not constitute a 
contribution to systematics but are part of a game. 

Descriptive zoology and botany are under fire in 
imiversity circles throughout the world, perhaps mainly 
because we systematists have ourselves failed to dis¬ 
tinguish the game from science, or bad work from good. 
There seems at last to be a revolt of major proportions 
against certain hitherto accepted operations under the 
nomenclatural rules, with which some members of the 
International Commission itself are in sympathy. 
What is at issue is the establishment of an Official 
List of generic and trivial names not subject to change, 
in a renewed effort to achieve a stabilization of nomen¬ 
clature. That such stabilization has not been achieved, 
even for common species, during nearly 50 years of 
operation of the International Rules, is a major dis¬ 
grace to systematic zoology, and reflects the fact that 
naming and name-changing have been so fascinating 
a game that even very eminent zoologists have pursued 
it to the detriment of zoology. 

Karl P. Schbcddx 



ANIMAL MORPHOLOGY 

The ABC^s of Anatomy: The anatomy of the human 
body simplified. 

By Elmer J. Tomasch. William-Frederick Press, 
New York. $3.50. iv -f 24 pp. -f- 100 plates. 
1947. 

This little book is an attempt to present the human 
body anatomically to the artist. Semi-schematic draw¬ 
ings of the skeleton, in whole and in part, comprise 
the first portion of the book. Those muscles impor¬ 
tant to an appreciation of surface anatomy are shown 
in the next part, in textbook fashion and schematicaEy 
arranged on the skeleton. The last portion stresses 
the main masses and rhythms of the human body. 
The anatomy is in large part adequately illustrated, 
and it is presented in a helpful and ingenious manner. 
It is unfortunate that the author has completely ig¬ 
nored the female, and that as an ideal body, he has 
chosen the unesthetic exaggerations of the weight- 
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lifting ^‘muscle man.’’ Tlie book also suffers from 
being over-priced. 

James M. Sprague 



Concise Anatomy. 

By Linden F. Edwards. Blakiston Co.j Philadelphia 

and Taranto. $5.00, xxiv -f 548 pp, H~ 2 plates; 

text ill. 1947. 

TMs is another textbook to add to the many which 
attempt to present the anatomy of the human body 
for the use of students in physical therapy, occupa¬ 
tional therapy, medical technology, nursing, dental 
hygiene, physical education, etc. The actual descrip¬ 
tive part of the book, which comprises about two-thirds 
of the text, is an accurate, “boiled-down” version of a 
standard medical textbook of gross anatomy. Almost 
ah of the many illustrations have been taken from 
standard textbooks. The first one-third of the book 
consists of a general introduction to embryology, his¬ 
tology, and neurology. The material is well organized, 
and the data are frequently grouped in tables helpful 
to the begmning reader. Throughout there is an ap¬ 
preciation of function. The bibliography consists al¬ 
most entirely of textbooks, but they are well chosen. 
Even so, the omission of citations of the research litera¬ 
ture removes the atmosphere of movement and of 
change in this part of the world of science, and the 
result is a static picture. 

James M. Sprague 



Synopsis or general anatomy. 

By Linden F. Edwards. Blakiston Co.^ Philadelphia 
and Toronto. $2.75 (paper), xvi -f 151 pp. -j- 1 
plate; text ill. 1948. 

The ultimate stage in “boiling down.” This ought to 
be very helpful to any student eager to absorb the 
minimum knowledge of the subject necessary to pass 
the final examination, or to one who cannot otherwise 
see the forest because there are too many trees. The 
Synopsis is well organized and competently prepared. 



Illustrations or Regional Anatomy. J. Central 
Nervous System. IL Head and Neck. IIL Abdomen. 
IV. Pdvis. V. Thorax.' VL Upper Limb. VII. 
.Lower''Limb. ^ Seventh Edition. 

By E.'.B.. Jamieson, Williams St Wilkins Co.F 
Baltimore. Complete set, $20.00 (paper); (I) $3.50; 
aD $4.00; (HI) 13.00; (W) $2.50; (V) $2.50; (VI) 
$3.00; (yn) $3.50. (I) iv + 51 plates + 2 pp.; 
(II) iv + 64 plates + 4 pp.; (HI) iv + 44 plates + 

2 (IV) iv + 35 piat^ + 2 pp.; (V) iv + 32 


plates + 2 pp.; (VI) iv + 42 plates + 2 pp.; (VII) 
iv + 52 plates + 2 pp. 1947. 

TMs loose-leaf atlas consists of 7 parts, comprising 51 
plates of the central nervous system, 54 of the 
head and neck, 44 of the abdomen, 35 of the pelvis, 
32 of the thorax, 42 of the upper limb, and 52 of the 
lower limb. The first edition, which appeared in 1934, 
consisted of the first five sections and 297 plates. The 
present edition is similar to the sixth, and has 320 
plates, almost all of which are in color. Anatomical 
terms labeling the figures are in English. The figures, 
although not uniformly successful, are generally sat¬ 
isfactory, and are designed with an extensive use of 
sharp colors, to facilitate a rapid visualization of rela¬ 
tionships and parts. The convenience of having the 
7 parts bound separately and in loose-leaf form is con¬ 
siderable. 

James M. Srrague 



The Head, Neck, and Trunk. Muscles and Motor 
Points. 

By Daniel P. Quiring. Lea St Febiger, Philadelphia. 

$2.75. 115 pp. + 1 plate; text ill. 1947. 

The present book is a companion volume to The Ex¬ 
tremities by the same author, and is presented in simi¬ 
lar manner. There is no text as such, but a brief 
description of the origin, insertion, function, innerva¬ 
tion, and blood supply of the muscles accompanies 
each schematic drawing. The drawings are simple 
but dear, and the muscles are shown relative to the 
pertinent skeletal structures. The author gives the 
appropriate page references in Gray’s and Cunning¬ 
ham’s anatomies, where the student may find the orig¬ 
inal, detailed descriptions and more complete illustra¬ 
tions. 

James M. Sprague 



Applied Anatomy of the Head and Neck For Stu¬ 
dents and Practitioners of Dentistry. Second Edition. 
By Harry H. Shapiro. J, B. LippincoU Co.^ Phil- 
adelphia, London and Montreal. $10.00. xvi + 303 
pp,; ill. 1947. 

The second edition of this very useful textbook has 
been extensively revised, as may be seen by comparing 
it with the first (cf. Q.R.B.^ 19; 62, 1944), wMch had 
189 pages and 173 figures, none in color. The new 
edition has 14 chapters (compared to 9 in the first); 
and there is a new presentation of the (1) teeth and den¬ 
tal arches, (2) nose and paranasal sinuses, (3) reoent- 
genograms and anatomical landmarks, (4) glands of 
the head and neck, and (5) anatomy of oral infections. 
The chapter on development has been enlarged. The 
author ^ows an extendve knowledge of the research 
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literature, Hsting 389 references in the bibliography. 
Although this excellent work is designed primarily for 
the use of students of dentistry, the student of medi¬ 
cine will find it a most useful correlative reference book, 

James M. Sprague 



SUREACE AND RADIOLOGICAL AnATOMY for StudcntS 
and General Practitioners, Second Edition Rewritten, 
By A. B. Appleton, W. J. Hamilton, and Ivan C. C. 
Tchaperojf. Williams & Wilkins Co,, Baltimore. 
$7.00. viii + 332 pp.; ill. 1946. 

This is an extensively rewritten second edition of the 
volume which appeared earlier (cf. Q,R,B., 14:95,1939) 
under the authorship of Appleton, Hamilton, and Tcha- 
peroff. The present work is extensively illustrated by 
390 figures (51 in color), of which 190 are radiographs. 
There is an introductory chapter on general anatomy 
and methods, and separate and detailed consideration 
is given to the upper limb, the chest and back, the 
abdomen, the head and neck, the vertebral column, 
and the lower limb. This scholarly work can scarcely 
be commended too highly as a background of physical 
diagnosis for both student and practitioner. 

James M. Sprague 



ANIMAL PHYSIOLOGY 

Le Sang. “Qwe Sais-jeP* Le Point des Connaissances 
Actuelles. 

By Louis Van Den Berghe. Presses Universitaires 

de France, Paris, 30 fr. (paper), 128 pp.j ill. 

1946. 

This small, well-printed book on blood is published in 
a series intended for the general public rather than for 
specialists, physicians, or medical students. It is writ¬ 
ten clearly and simply and manages to convey much 
useful information in spite of its small size. There is 
a brief historical introduction followed by a chapter 
on the functions of blood, with a simple exposition of 
the transport of oxygen and carbon dioxide. The nor¬ 
mal constituents of blood—both cellular and chemical 
-^are then discussed. Next there is a chapter on the 
origin and development of the cellular elements, fol¬ 
lowed by one on their functions and fate. A few pages 
are given to comments on the pathological variations 
of these cellular elements. The blood groups and trans¬ 
fusions are more extensively presented, and brief men¬ 
tion is made of the Rh factor. The concluding chapter 
gives some insight into current methods of investiga¬ 
tion available for problems relating to blood. The 
text is well illustrated with diagrams and drawings, 
and there are a few tables. Historicai aspects are not 


overlooked. The author has made good use of com¬ 
parative physiology in emphasizing certain points. 

F. Chtnard 



Blood Clotting and Allied Problems, Transac¬ 
tions of The Second Conference, January 24-25, 1949, 
New York. 

Edited by Joseph E. Flynn. Josiah Macy, Jr. Foun¬ 
dation, New York. $2.25 (paper). 231 pp.; ill. 

1949, 

This conference was attended by 19 participants, all 
actively investigating problems concerned with blood 
coagulation, and representing such varied fields of 
medicine as anatomy, pathology, physiology, and bio¬ 
chemistry, as well as clinical medicine. The report 
includes the text of 8 formal papers, as well as a full 
transcript of the discussions, wliich w^ere extensive and 
informal. The papers of major importance included 
reports of a thromboplastin-inhibitor (Tocantins and 
Carrol; Overmann); the formation and structure of 
the fibrin-clot (Ferry); the effects of the surface (of 
containers) on blood coagulation (Barker and Mar- 
gulies); factors which influence the rate of conversion 
of prothrombin to thrombin (Flynn and Standley); 
and current views regarding the function of the blood 
platelets (Quick). There is also an extensive discus¬ 
sion of methods of standardizing thromboplastin prep¬ 
arations, with special reference to determination of the 
prothrombin time. 

Great advances have been made in our knowledge 
of blood coagulation during the past decade, but a 
great deal more remains to be done before a clear com¬ 
prehension of the process can be attained. Many 
different substances are concerned, enzymes and pro¬ 
enzymes, initiators, accelerators, and inhibitors, and 
few of these have been adequately characterized chem¬ 
ically or even obtained in a relatively pure state. The 
nomenclature is confusing, since different names have 
been applied by various investigators to what are pre¬ 
sumably identical substances. The experimental tech¬ 
nic is tricky and difl&cult at best, since there are vari¬ 
able factors which are not adequately understood and 
are difficult to control, and apparently slight differences 
in the set-up of the experiments may yield divergent 
results in different laboratories. Under such circum¬ 
stances it is inevitable that there should be sharp differ¬ 
ences in interpretation, and these are brought out in 
the discussions freely and frankly, and sometimes ve¬ 
hemently. 

The Transactions contain no concise or systematic 
discussion of the subject as a whole, and readers who 
do not have a fair preliminary knowledge will find the 
going heavy and perplexing. Those who are better 
oriented will find this a valuable source of information 
regarding the status of the subjects discussed, as at 
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the date of the Conference, For such it is highly rec¬ 
ommended. 

Paul W, Clough 



Blood Clotting and Allied Problems. Transae- 
tions of The First Conference, February 16-17,1948, New 
York, 

Edited by Joseph E. Flynn, Josiah Macy, Jr, Foun¬ 
dation, New York. $3.25 (paper). 179 pp.; ill. 

1948. 

This conference served as a model of the Second Con¬ 
ference, the Transactions of which are discussed above. 
The Transactions are opened by an excellent summary 
(by Jaques) of those facts concerning hemostasis and 
coagulation which are definitely or reasonably well es¬ 
tablished. He has not attempted a critical analysis 
of the present status of the more newly discovered 
factors which are under active investigation and con¬ 
cerning which there is much controversy—some of it 
acrimonious. 

The formal papers include reports regarding fibrino¬ 
lytic enzymes (Astrup); factors initiating and accel¬ 
erating thrombosis (Brinkhous); “unsolved problems,” 
concerned chiefly with the chemistry and physical 
make-up of the fibrin clot (Edsall); protein equilibrium 
reactions in the blood clotting mechanism (Seegars 
and Ware); and the value of prothrombin determina¬ 
tions (Wright, Bramble, Olwin, Quick, Smith, Luck, 
individually). A highly useful feature is the inclusion, 
in the appendix of the precise technic used in deter¬ 
mining prothrombin in 8 difierent laboratories. 

Although this work is now over 2 years old, those 
interested in this field will find it stiU a valuable source 
of pertinent information not easily accessible elsewhere. 

Paul W. Clough 



Studies on Dietary and Other Factors Aefecting 
THE Serum-Calcium Levels of Sheep. Bull. No. 
240, Parts I io VI, Coun. sci, ind. Res., Commonw. 
Austrd, 

By M. C. FtanUin, R. L. Reid, and I. L. Johnstone. 
Council for Scientific and Industrial Research, East 
Mdbourm, Australia. Free upon request (paper). 
77 pp, 1948. 



ANIMAL NUTRITION 

Advances in Food Research. Volume I. 

Edited by E, M. Mrak and George F, Stewart. Aca¬ 
demic Press, New York. $7.50. xvi 4* 459 pp.; 
,ill. 1948. ' 


In this volume twelve contributors have discussed the 
following subjects: the physiology and chemistry of 
rigor mortis, with special reference to the aging of 
beef; factors influencing the vitamin content of canned 
foods; the physiological basis of voluntary food intake 
(appetite); biochemical factors influencing the shelf 
life of dried whole eggs and means for their control; 
factors affecting the paiatability of poultry, with em¬ 
phasis on histological post-mortem changes; the de¬ 
terioration of processed potatoes; the influence of cli¬ 
mate and fertilizer practices upon the vitamin and 
mineral content of vegetables; non-enzymatic brown¬ 
ing in fruit products; microbial inhibition by food pre¬ 
servatives; and high-polymer pectins and their de-ester¬ 
ification. 

Investigators in food research have quickly applied 
to the problems of food technology all of the new dis¬ 
coveries in biochemistry and other biological sciences. 
Their publications are dispersed, and are often not 
available to those who could profit by reading them. 
The annual volume, in which experts prepare review 
articles, has become a necessity in a number of fields 
of science and technology. The present volume sets a 
high standard, and its usefulness is assured. 

E. V. McCollum 



BIOCHEMISTRY 

Advances in Protein Chemistry. Volume F. 

Edited by M. L. Anson and John T, Edsall. 
ciaie Editor for the British Isles: Kenneth Bailey. 
Academic Press, New York. $7.50. ix 4* 481 pp. 
1949. 

The present volume of this valuable series begins with 
a discussion of methods of peptide synthesis in vitro, 
by Joseph S. Fruton, in 75 pages which include ex¬ 
tensive tables of the optical rotation and melting points 
of known peptides. There follows a critical survey of 
methods of amino acid analysis of proteins, by G. R. 
Tristram. The formidable difficulties of this subject 
are attested by a vast literature. “Progress was de¬ 
layed for many years because methods of analysis 
were, in the main, based upon the gravimetric principles 
of elementary analysis, and analysts only slowly real- 
lized the difficulties which attend the quantitative iso¬ 
lation of a single constituent or any of its derivatives 
from biological materials. In recent years the develop¬ 
ment of new methods, micro in scale, based upon many 
novel principles (e.g., isotope dilution, microbiological 
assay, partition chromatography) has revolutionized 
amino acid analysis,” so that it is now reasonable to 
hope “that valuable information will be obtained upon 
the amino add stoichiometry of proteins/^ However, 
the new methods are to some extent still in the de¬ 
velopmental stage and are by no means without their 
spedal difficulties. Not the least of the difficulties 
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still remaining are the means of establishing evidence 
of significant purity of the protein to be analyzed, and 
of avoiding loss or alteration of the residues during 
hydrolysis. However, ‘Vhile there are still differences 
in the results of analysis the degree of agreement is 
remarkable and, for the first time in the history of 
amino acid analysis, it is possible to make use of amino 
acid data with justifiable confidence.” Tristram then 
develops an interesting but necessarily highly tenta¬ 
tive discussion of initial inferences regarding protein 
structure from the evidence of amino acid analysis. 
Much weight is given to the concept of separate peptide 
chains, from the evidence for terminal groups derived 
from the work of Sanger and others. If there are 
separate polypeptide chains, other evidence seems to 
require that they be united by covalent linkages, which 
might be disulfide bonds, but do not seem to be so in 
some cases at least. . The stoichiometry of pro¬ 
teins follows no simple rule (such, for instance, as that 
propounded by Bergmann and Niemann) 

The biological evaluation of protein is discussed by 
J. B. Allison, in a review of nitrogen balance studies 
and protein effects upon growth and tissue regenera¬ 
tion. One of the most interesting points emerging 
from this rapidly growing field has been put as follows: 
^Tf it is true that essential amino acids are not stored 
individually in the tissues..., and if, moreover, the 
synthesizing mechanisms which fabricate complete tis¬ 
sue proteins must have available all the necessary 
building stones..., it would seem likely that the 
synthesizing mechanisms operate on a ‘perfectionist’ 
or ‘all or none’ principle to the extent that if they 
cannot build a complete protein when one is required 
they will build none at all. This would suggest also, 
that the process of synthesis must be total rather than 
partial, and to be effective the synthesizing mecha¬ 
nism must have available and practically simultane¬ 
ously all the essential amino acids in adequate pro¬ 
portions and amounts. 

There is a relatively short descriptive survey of milk 
proteins by T. L. McMeekin and B. D. Polis, followed 
by a broad discussion of plant proteins and protein 
metabolism in plants, by J. W. H. Lugg. Among the 
points brought out here is the fact that, with certain 
exceptions, the bulk proteins of plants appear to be of 
somewhat similar amino acid composition, in contrast 
to the bulk proteins of seeds which are of distinctly 
dissimilar composition. Plant proteins, like animal 
proteins, are being continually broken down and re¬ 
built. The important question, whether synthesis is 
the reverse of catabolism, or whether the processes 
constitute a cycle involving different routes, can per¬ 
haps be approached advantageously in plants. 

There are articles on synthetic fibres made from 
proteins, by Harold P. Lundgren, and protein chemical 
aspects of tanning, by K. H. Gustavson. Finally, lest 
we become complacent, Albert Claude contributes a 
brief consideration of proteins, lipids, and nucleic adds 


in cell structures and fimctions. He says: “The most 
significant development in recent years has been the 
demonstration that important cell functions are segre¬ 
gated in mitochondria and homologous large granules.” 
It has been shown that the cytochrome system which 
utilizes molecular oxygen is localized in these elements, 
probably exclusively. Also D-amino acid oxidase, the 
fatty acid oxidase system, and members of the Krebs 
cycle have been shown to be segregated in mitochon¬ 
dria. It seems possible that the energy derived from 
anaerobic glycolysis, on the other hand, is mediated 
through ribonucleic-acid-containing elements in the 
cytoplasm. 

Evelyn Howabd 



Les Lipides. PariSy 5 au 12 Janvier 1948, XL Col- 
loqiies Internationaux du Centre National de la Re¬ 
cherche Scientijique. 

Centre National de la Recherche Scientijique, Paris. 

1000 fr. (paper). 399 pp. + 3 plates; text ill. 1949. 
This volume presents the proceedings of an interna¬ 
tional colloquium on lipids held in Paris in January 
1948. The contents have already been published as 
the fiirst four numbers of volume II of the Archives des 
Sciences Physiologiques (1948). The volume is divided 
into eight sections, each of which contains one or more 
general reviews followed by a more detailed presenta¬ 
tion of recent experimental work. The section head¬ 
ings, which indicate the scope of the symposium, are: 
(1) digestion and intestinal absorption, (2) deposition 
and mobilization of reserve fats, (3) lipid transport in 
the blood; lipoprotein linkages in blood and tissues, (4) 
metabolism of the higher fatty acids, (5) desaturation 
of the higher fatty acids and of the essential fatty 
acids, (6) role of the lipids in blood coagulation, (7) 
phosphoaminolipids and their degradation products, 
and (8) the problem of the oxidation of fats and anti¬ 
oxidants. 

Of the 26 communications by 24 scientists, 19 are 
in French and 7 in English. Though it is not possible 
to describe all of them, a few may be mentioned as 
particularly interesting, Macheboeuf has contributed 
an extensive review of his work on the lipoproteins of 
blood, this being followed by a review on cellular lipo¬ 
proteins by Chargaff. Frazer, who elsewhere in this 
volume discusses Ms work on the digestion and ab¬ 
sorption of fats, presents Ms work on artificial lipopro¬ 
teins and reports some new observations on hemoglobin- 
detergent complexes. Barnes and Gurin review the 
formation and utilization of ketone bodies. Barnes 
also contributes one of the three papers on antioxidants. 
Though the material presented does not cover every 
facet of the fiield of lipids, tMs book should interest 
workers in lipid chemistry and lipid physiology. 

F. CmNARb 
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Partition Chromatography. A Symposium Hdd ai 
London School of Hygiene and Tropical Medicine on 
30 October 1948. Biochemical Society Symposia No. 3. 
Organized and edited by R. T. Williams, assisted by 
R. L. If. Synge, Cambridge University Press, Lon¬ 
don and Nem York. $1.50 (paper). 103 pp. + 1 
plate; text ill. 1950. 

The introduction is followed by eight chapters, as fol¬ 
lows: Some Theoretical Aspects of Partition Chroma¬ 
tography, by A. J. Martin; Application of Partition 
Chromatography to the Study of Protein Structure, 
by F. Sanger; Partition Chromatography and its Ap¬ 
plication to Carbohydrate Studies, by S. M. Partridge; 
Anthocyanins, Flavones and other Phenolic Com¬ 
pounds, by E. C. Bate-Smith; Partition Chromatog¬ 
raphy of Organic Acids, Purines and Pyrimidines, by 
R. S. Elsden; Partition Chromatography with Sta¬ 
tionary Phase Other than Pure Water, by A. A. Levi; 
General Review of the Applicability of the Alethod, 
by R. L. M. Synge. There is a supplementary bibliog¬ 
raphy, which extends citations beyond the references 
given at the end of each chapter. Tliis covers Review 
Articles; Technique; Amino-Acids, Peptides, Proteins 
and their Derivatives; Carbohydrates and Related Sub¬ 
stances; and Other Substances. This series of articles 
by distinguished investigators in the field of this might¬ 
iest of all analytical tools of the chemist is a highly 
valuable contribution. 

E. V. McCollum 



Fatty Acids Antibacterials erom Plants. Car 
negie Institution of Washington Publication 586. 

By H. A. Spoehr, J. H. C. Smith, H. E. Strain, H. 
W. Milner, and G, J, Hardin, Carnegie Institution 
of Washington, Washington, D,C. 75 cents (cloth); 
50 cents (paper), iv -h 67 pp.; ill. 1949. 



MICROBIOLOGY 

Annual Review or Microbiology. Volume III. 
Edited by Charles E. Clifton, Sidney Raffd, and H. 
Albert Barker. Annual Reviews, Stanford, Cal. 
$6.00. viii 4-476 pp.; ill. 1949. 

The third volume of this series is the best to date. 
Among the 18 reviews included, there is a remarkably 
high proportion of first-rate criticai essays. Particu¬ 
larly noteworthy are; Bacterial Variation (J. Leder- 
berg); The Morphology, Cytology, and Taxonomy of 
the Actinoinycetes (D. Krikson); Ciliated Protozoa; 
Cytogenetics, Genetics and Evolution (T. M. Sonne- 
born); IVpss 0^ Acquired Immunity against Infectious 
Disease (£ Rafei); and The Growth qf Bacterial Cul¬ 
tures 0. Monod). Other topics discussed include; 
i\'Metabolsiii of Microorganisms (W. W. Umbreit); Nu¬ 


trition of Microorganisms (E. E. Snell); Constituents 
of Viruses (C. A. Knight); Action of Antibiotics in 
vivo (W. C. Cutting); The Cellular Basis of Immunity 
(W. H. Taliaferro); Virulence and Pathogenicity (D. 
W, Watson and C. A. Brandly); Chemistry of Toxins 
(L. Piilener and K. C. Robbins); Nature and Varia¬ 
bility of Disease Resistance in Plants (H. Hart); Oral 
Microbiology (R. W. Harrison); Dermatotropic Viruses 
(G, J. Buddingh); Food Microbiology (H. 0. Haivor- 
son); Recent Development in Microbiological Tech¬ 
niques (L. S. McCiimg); and Bacteriophage (J. Fong), 

R. Y. Stanier 



Inventaire et Description des Bacilles Paratu- 

BERCULEUX. 

By Paul Hauduroy. Masson et Cie., Paris. 400 fr. 

(paper), iv -j- 168 pp. 1946. 

Some 160 species and strains of Mycobacteria are 
herein described, the descriptions being given in al¬ 
phabetical order of the names of the individuals who 
first reported them. Many very imperfectly char¬ 
acterized isolates are included. Mycobacterium tuber¬ 
culosis, M. paratuherculosis (Johne^s bacillus), and the 
various acid-fast organisms isolated from the lesions of 
leprosy have been excluded from the descriptions. Al¬ 
though many of the paratubercular organisms were 
isolated from human or animal pathological material, 
only a minority are pathogenic to laboratory animals. 
Other characteristics are discussed, particularly the 
source from which the bacilli were isolated (habitat). 
There is an interesting tabulation and discussion of 
cross reactions between various ‘^paratuberculins^^ and 
true tuberculins in animals and in man. 

The book should be of great value to specialists in 
the taxonomy and identification of Mycobacteria. It 
will be of considerable collateral interest to those work¬ 
ing in the field of experimental tubercular infections. 

Walter C. Tobie 



HEALTH AND DISEASE 

Rickettsial Diseases or Man. A Symposium on 
the Rickettsial Diseases of Man, Organized by the Section 
on Medical Sciences of the A. A, A. S. and Presented at 
the Boston Meeting on December 26-’28,1946, 

Organized by Malcolm H. Soule; edited by Forest Ray 
Moidion, American Association for the Advancement 
of Science, Washington, D. C. $6.25 ($5.25 to AAAS 
members), iv -f 247 pp.; ill 1948. 

This volume consists of 27 papers prepared by as many 
authors for a symposium organized by the Section on 
Medical Sciences of the AAAS and presented at the 
Boston Meeting on December 26-28,1946, The series 
of papers, each concerned with a different phase of the 



NEW BIOLOGICAL BOOKS 


419 


subject, constitutes a comprehensive and thorough re¬ 
view of the rickettsial diseases. The authors are rec¬ 
ognized authorities, many of them being investigators 
who have spent years studying the subjects upon which 
they write. 

Investigators during World War II contributed 
greatly to our knowledge in regard both to the nature 
of rickettsiae and the methods of control of the infec¬ 
tions. Those advances are particularly stressed in the 
present volume. The discussions range from certain 
basic aspects of the study of rickettsiae, such as are 
contained in the papers on their general biologic char¬ 
acter and their classification, through descriptions of 
the clinical aspects of the various diseases, their pa¬ 
thology, treatment, epidemiology, arthropod vectors, 
and reservoirs of infection. Also included are descrip¬ 
tions of the various methods of laboratory diagnosis, 
preparation of vaccines, and control of vectors. 

Most of the papers are well illustrated with maps, 
graphs, patient^s charts, or tabulated matter as is ap¬ 
propriate. References are given at the end of each 
paper. As with many volumes of this kind, i.e., those 
composed of chapters by a number of contributors, 
no index is included. Although perhaps understand¬ 
able, the omission is regrettable, because the book will 
find its greatest value as an authoritative reference 
work, Nevertheless, it serves admirably to mark the 
progress of knowledge in the field of rickettsial dis¬ 
eases, and will long remain a highly valuable source of 
information. 

Francis B. Gordon 



CocciDiosis. Ann. N, Y. Acad. Sci.j Volume 52, Ar¬ 
ticle 4. 

Edited by Sterling Brackett; by 44 authors. The New 

York Academy of Sciences, New York. $3.00 (paper). 

Pp. 429-624 4- 1 plate; text ill. 1949. 

This publication consists of papers presented at a con¬ 
ference held at the New York Academy of Sciences, 
March 4-S, 1949, under the chairmanship of Sterling 
Brackett. Limitations of space prevent a complete 
description of all the 28 pages. A critical evaluation 
of the quality of the contributions may be left to spe¬ 
cialists. Nevertheless, the publication is an important 
one on account of the tremendous economic losses 
caused by coccidial infections in livestock. The com¬ 
pilation will probably exert a useful influence for many 
years to come. 

Walter C. Tobie 



La MiDEcnra Ineantoe. Collection Atmand Colin 
(Section de Biologie), Number 234.^ 

By Robert Broca. Librairie Armand Colin, Paris. 
100 fr. (paper). 188pp.;ni 1943. 


This pocket-size volume covers infectious diseases, en¬ 
docrinology, nutrition, and congenital diseases from a 
pediatric point of view. One chapter is devoted to 
acrodynia. As of the time of publication, it seems 
well up to date. Authors and dates are mentioned 
freely in the text, but references are lacking except 
for a list of 40 books. Those interested in French 
clinical views may find the book of some incidental 
significance. To the average American biologist (if 
indeed there is such an individual) it offers little of 
value. 

Walter C. Tobie 



PSYCHOLOGY AND ANIMAL BEHAVIOR 

Introduction to Methods in Experimental Psy¬ 
chology. The Century Psychology Series. Second Edi¬ 
tion. 

By Miles A. Tinker. D. Appleton-Century Co., New 
York and London. $4.00 (paper), viii 4-232 pp. -j- 
2 plates; text ill. 1947. 

‘^About 30 per cent of the material in the revision is 
new or different from that in the original edition. The 
major changes are as follows: chapters on the Estima¬ 
tion of Temporal Intervals, Self-Rating of Personal 
Traits, and The Adjustment Inventory has been 
dropped. New chapters on Clerical Aptitude, Social 
Attitudes, and Measurement of Introversion-Extrover¬ 
sion have been added. There has been thorough revi¬ 
sion of sections on variability, art aptitude, and, in 
part, correlation... 



Psychological Warfare. 

By Paul M. A. Linebarger. Infantry Journal Press, 

Washington, D. C. $3.50. xvi + 259 pp.; ill. 

1948. 

The author has compiled what he modestly calls a 
‘^patchwork of enthusiastic recollection” of his experi¬ 
ence of five years as ^‘civilian expert and as an army 
officer in American psychological warfare facilities—at 
every level.” His work is based on experience rather 
than research, on practice rather than on theory. He 
treats his subject in an informal, pithy, and newspaper- 
ish style. The result, however, is considerably more 
than a ‘^patchwork,” for sooner or later he discusses 
all critical phases of psychological warfare from the 
practical propagandist’s point of view. Linebarger’s 
survey is divided into three principal sections: Defini¬ 
tion and History; Analysis, Intelligence, and Estimate 
of the Situation; and Planning and Operations. This 
book is practically the only available general source 
of information concerning the whole program of psy¬ 
chological warfare conducted during World War II, 
and for this reason it will be read by many who are 
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curious as to tlie successes and failures of psychological 
warfare as an adjunct to military operations. The 
publication of this book is a small but significant re¬ 
affirmation of the importance of ideas over weapons 
in ideological struggles, a salutary reminder in a period 
when political offense and defense in the competition 
of ideas have come, almost pathologically, to depend 
upon armed violence. 

Joseph C. Frahklin 



The Story of Hypnotism. 

By Robert W, Marks. Preniice-Hallj New York. 

$3.00. xii + 246 pp. 1947. 

This is a popularized but very complete and accurate 
report on hypnosis, its recognition as a psychic phe¬ 
nomenon, and its development as a social phenomenon. 
The author first orients the reader on the subject by 
defining hypnosis, mostly through description of the 
induction stages. He then takes up Mesmer and the 
succession of physicians after him who used hypnosis 
in one form or another. He presents faith cures as a 
form of suggestion. Without being dogmatic or bel¬ 
ligerent, he ascribes spiritualism, religious mysticism, 
and ecstasy to forms of hypnosis. The final chapter 
is devoted to hypnosis as a factor, through mass sug¬ 
gestion, in our present social structure—GoebbeFs prop¬ 
aganda, for example, acting as an hypnotic influence 
on the minds of the German people. Marks has made 
no attempt to sensationalize his subject, although it 
is a topic which lends itself to such exploitation. His 
restraint and good taste are commendable. 

Helen Arthur 



Problems of Early Ineancy. Transactions of the 
Second Conference^ March i-2, 1948, New York. With 
Supplement Covering Special Meeting, July 18-19, 1947, 
New York. 

Edited by Milton J. E. Senn. Josiak Macy, Jr. 
Foundation, New York. $1.00 (paper). 120 pp.; 
ill. [JSTo date.] 

Problems of Infancy and CrnunHOOD. Transactions 
of The Third Conference, March 7-8, 1949, New York 
Edited by Milton J. E. Senn. Josiah Macy, Jr. 
Foundation, New York. $1.25. 156 pp, 1949. 
These publications are reports of two conferences spon¬ 
sored by the Josiah Macy, Jr. Foundation. The con¬ 
ferences are part of the Foundation's program for 
furthering scientific knowledge by having workers in 
different areas of a given field meet to exchange ideas 
and points of view. In this instance the topic of in¬ 
fancy and early childhood involved the efforts of 25 
well-known pediatricians, psychiatrists, obstetricians, 
and psychologists. These people met for two days in 


1948 and 1949, and the papers presented, with the at¬ 
tendant discussion, are faithfully reproduced here. 
The effect is almost like being actually present in the 
serious but informal business of working through to 
some general understanding of concepts that affect these 
several disciplines. 

In 1948 the main concern was the effect on the infant 
of factors in pregnancy. Helen Deutsch discussed 
psychological problems of pregnancy, John Parks, 
Howard Walser, and Albert Vollmer reported from the 
obstetrician’s point of view on the emotional factors in 
pregnancy, and how the relaxation method of childbirth 
affects the mother and baby. A supplement, added to 
the 1948 Transactions, reports a special meeting held 
in July 1947. In this a number of foreign physicians 
gave reports on what had happened in their countries to 
children in wartime and how those experiences are 
affecting their mental health today. These are quite 
moving, if rather simple, statements from Holland, 
France, Sweden, and Switzerland. 

In 1949 only two prepared papers were given: one 
by Sibylle Escalona on The Psychological Situation of 
Mother and Child upon Return from the Hospital; the 
other, by Lucie Jessner and Samuel Kaplan, an Obser¬ 
vation on the Emotional Reactions of Children to 
Tonsillectomy and Adenoidectomy. Both are impor¬ 
tant and provocative issues and caused a great deal of 
discussion. It is to be hoped that such an exchange of 
ideas does have the desired effect of strengthening the 
unity and the understanding of all the medical personnel 
who deal with expectant mothers, infants, and young 
children. 

Helen Arthur 



The Responsiveness of Kindergarten Children 
TO THE Behavior of Their Fellows, Monographs 
of the Society for Research in Child Developmmt. VoU 
ume XI, Serial Number 43, Number 2, 1946. 

By Esther Kite Harris. Society for Research in Child 
Development, National Research Council, Washing¬ 
ton, D.C. $2.50 (paper), viii-f 184 pp.; ill. 1948. 
This is another psychological monograph turned out 
with typical, if monotonous, competence. It follows 
the standard form, so there are no surprises in the 
presentation or in the conclusions summed up so effi¬ 
ciently in the last pages. 

Using a pictorial Guess Who technique on 24 kinder¬ 
garten children, plus their teacher's evaluations and 
parents' reports, Mrs. Harris is able to state that social 
responsiveness is a personality factor which is not 
related to age, I.Q., or sex. Even in kindergarten chil¬ 
dren, there is a wide range of social responsiveness- 
some preferring a small group of congenial friends and 
others a larger social orbit. The children gave evidence 
that their judgments on each other were largely deter- 
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mined by their own social indoctrination, whence fol¬ 
lows tlie inevitable hint that children should be *‘right¬ 
fully guided and directed” so that their inherent social 
responsiveness will be harnessed to the best interests. 

Helen Arthur 



Kinder und Jugendliche als Zeugen. PsycMo- 
gische Praxis: Schriftenreihe fur Erziehung und Jugend- 
pfiege, Number 3. 

By Ernst Probst. S. Larger, Basel and New York. 

S. fr. 3.80 (paper). 55 pp.; ill. 1945. 

This booklet, like the 4 others whose reviews follow, 
is a part of the Swiss series, Psychological Practice. 
These publications have been written for teachers, for 
educators, and for psychological therapists in the fields 
of child guidance, adolescent counseling, etc. Their 
purpose is “to guide and interpret the factors and forces 
encountered in actual practice but not to give theoreti¬ 
cal explanations.” 

The editor of the entire series is the author of this 
publication. Its theme is the question: are the testi¬ 
monies of children and juveniles as trustworthy as 
those of adults, or are their observations and statements 
to be doubted, either generally or in special cases? The 
autlior’s conclusions are based on 30 cases in which 
he, as a school psychologist in Basel, acted as court- 
advisor. The conclusions may be summarized as 
follows: 

(1) The judge should not base his decision on testi¬ 
monies of children under 4 years of age. Reasons: 
the egocentric attitude, the lack of self-criticism, and 
the insufficient development of language prevailing in 
this age group. 

(2) Between the ages of four and seven the following 
factors are likely to influence trustworthiness nega¬ 
tively: heightened suggestibility, strong feelings of 
S 3 rmpathy or antipathy, tendency to exaggerate and 
confabulate. The advice given is to have those chil¬ 
dren questioned as soon as possible by experts in child 
psychology. 

(3) In the group from seven to the beginning of 
puberty (eleven to thirteen) adverse influences are: the 
need for self-assertion, the desire to play a role, the 
desire to arouse attention. Incidents actually observed 
are fused with expectations and rumors. Bay dreams, 
lack of self-criticism, and a tendency to dramatize call 
for special scepticism whenever sexual accusations are 
involved. 

(4) The period of puberty may add to these factors 
a particular sense of justice: to betray a secrecy shared 
with one’s companions is considered the worst crime. 
Yet even a friend suspected by others of some delin¬ 
quent act is immediately condemned: the child’s own 
inner insecurity and need for self-protection lead to 


public separation from the friend in self-righteous in¬ 
dignation. 

(5) Simple, direct observation cannot find signs that 
mark the unreliable witness. A psychologist needs the 
expert interpretation of tests to evaluate intellectual 
development, memory, and affective behavior. The 
author worked with the Binet test; with the exposition 
of pictures for a few minutes, followed by 12 correct 
and 12 false (suggestive) questions; or with a similar 
procedure in recounting a brief story read. These 
tests were given to control groups in the classroom. 
Finally, he made use of the Rorschach test. 

(6) Three protocols are given in some detail to dem¬ 
onstrate how a tendency to pathological living may 
reveal itself in one or another of these tests. The au¬ 
thor, however, emphasizes the possibility that such a 
tendency may not always manifest itself in such tests 
as he carried out. The more tests are used and the 
more varied they are, the greater will be the chance to 
develop methods by which the general reliability of a 
witness can be recognized and graded. 

Walter 0. Jahrreiss 



PsYCHOLOGiE DER Berutsberatung. Psychologischc 
Praxis: Schriftenreihe filr Erziehung und JugenipfiegCj 
Number 4. 

By Richard Meili, S. Larger^ Basel and New York. 

S. fr. 4.35 (paper). 64 pp. 1948. 

This publication grew out of its author’s great experi¬ 
ence as a vocational psychologist and counselor- It is 
well written and reveals mature judgment and sincere 
concern. ‘‘Nobody,” the author writes, “can be more 
keenly aware of the forces of our economic and social 
conditions than the vocational counselor; he has to 
take them into account and adjust to them lest he ^ve 
futile advice. Yet, his real task remains to aid and 
assist the individual against the all-powerful machinery 
of modem society,” The author makes intensive use 
of psychological tests and defends them against unde¬ 
served criticism. The fault usually lies, he thinks, 
with those psychologists who have neither the neces¬ 
sary experience to give a test carefully nor to interpret 
it, and not with the tests or their methods. “The es¬ 
sential traits and aptitudes of an individual manifest 
themselves in the most different situations and will not 
escape the scrutiny of exact tests and observations.” 

Walter 0. Jabdrreiss 



Entwurzelte und disharhonische Render. Psy- 
chohgische Praxis: Schriftenreihe fUr Erziehung und 
JugendpfiegBj Number 5. 

By Karl Eeymann, 'S. Larger, Basel and New York. 
S. fr, 4.35 (paper). 56 pp. 1946. 
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The American reader will find in this pook a distinctly 
European flavor. The dynamics of the disharmonic, 
the neglected, the uprooted and asocial juvenile beha¬ 
vior seem unduly simplified; nor will statements like 
the following be easily accepted: ^Tn an individual with 
a certain hereditary disposition to abnormal physical 
reactions ... an illness may manifest itself and its 
conditions may lead directly to stealing, just as directly 
as a sore throat to coughing”; some formulations may 
sound too metaphysical, even “existential.” It may 
be strange to hear that there are certain professions 
for which the absence of strong and constitutional 
abilities is a necessary precondition, e.g., the educa¬ 
tional therapist. His specific aptitudes at any rate 
are never given in the make-up of his personality but 
have to be acquired in personal crises, during which 
they emerge “new and quasi for the first time.” His 
profession is founded on “suffered” abilities and talents. 

Yet it seems to me that these and many more of the 
author’s formulations will appear more acceptable if one 
can translate them into one’s own familiar terminology. 
The chapters on disharmonic children and on “body- 
feeling,” i.e., the inner experience of one’s own somatic 
existence and functioning, show the author’s unortho¬ 
dox approach to old problems. If an individual is 
seized consciously by rhythms, as in dancing, then his 
“body-feeling” becomes vague and weak. In contrast, 
a state of being unconsciously imbedded in rhythms 
brings about a feeling of well-being; it increases the 
inner somatic experience so that the body is felt as a 
closed entity. This sensation also automatically closes 
down the bladder—so to speak—into the deepest sleep. 
In children, who are seized by, or given to, consciously 
felt rhythms the “body-feeling” is so feeble that the 
bladder cannot be closed during sleep. At least, the 
author considers this mechanism as one possible cause 
of enuresis, among many. He attributes to color¬ 
blindness an important role as a d 3 mamic factor in 
disharmonic children and gives interesting contributions 
to the knowledge of personality disturbance as a reac¬ 
tion to the impairment of a sensory organ. 

A last chapter on the Psychology of the Study of 
Human Behavior (Seelen-Beobachtung) deals with 
the task of perceiving and understanding ^'man” the 
individual. The author criticizes Kretschmer’s typo¬ 
logical approach, because it does not permit one to 
grasp the totality of “man’s being” in the individual. 
Yet, if this never-to-be-finished task belongs somewhere, 
surely it belongs to philosophy, and not to psychology 
or any other science. 

Waxter 0. Jaerreiss 



'Das’^ Kind uisrD seine ERteEsxE Umwext. PsychoU 
G^mhePmMs: Schrifimrdhefiir Erzkhmg und Jugmd- 
Nmnler. 6. 


By Fritz Siirnimann. S. Karger^ Basel and Nem 
York, S. fr. 6.“-~(paper). 72 pp. 1947. 

This pubhcation gives a very detailed description of the 
child’s development step by step from birth till the end 
of the first year. It is written by a pediatrician whose 
interest in the psychology of child development is evi¬ 
dent and attested to by an index of his own publications. 
It is—by the way—the only one of the volumes of this 
series to be reviewed in this issue which helps the reader 
by including a brief bibliography and index. The gen¬ 
eral theoretical orientation follows von Monakow’s bio¬ 
logical teachings and von Uexkuell’s formulation of the 
individual’s specific sector of total environment, his 
“Umwelt” to which he adjusts himself and which in 
turn he influences. 

Walter O. Jahrreiss 



Kritische Phasen der Kindheit. Psychologische 
Praxis: Schriftenreihe fur Erziehmg und Jugendpflege, 
Number S. 

By Karl Eeymann, S. Karger, Basel and New York. 

S. fr. 4.80 (paper). 52 pp. 1949. 

Seven chapters, loosely joined together, are filled with 
observations and aphoristic statements: some critical, 
some original, and most of them stimulating. In the 
child’s development crises are normal occurrences, and 
they are necessary for the growth of the personality. 
Critical periods are the times of transition from one de¬ 
velopmental stage to the next, and regression to the 
behavior of a preceding phase is the common mode of 
reactions to existing conflicts. But antegression also 
occurs, as in the “precocious” child. Breams of losing 
something precious are frequent in periods of transition: 
the years of early childhood seem paradise, but a para¬ 
dise lost and not to be regained. During prepuberty 
and puberty, regression to “role” playing is not un¬ 
common; yet the role is now built into an actual situa¬ 
tion, into the frame of everyday reality. The playing, 
therefore, is apt to be misunderstood and taken for 
some kind of surprising misbehavior. 

In a chapter on Drawings in Childhood, the author 
stresses the fact that the small child (two to six) is living 
in his own world, taking it for granted; yet he longs to 
understand the world of the grown-ups and to take 
part in their “reality.” The child gropes for new ways 
of expression, like drawing and painting, in order to 
break the threatening Isolation. It is an attempt at 
self-healing, and it should be used diagnostically and 
therapeutically. 

Chapters on the school system as organism, on test¬ 
ing for occupational aptitudes, and on occupation and 
personality contain good suggestions and observations. 
The author describes a characteristic crisis of the Euro¬ 
pean “apprentice.” It is said to occur usually during 
the second year of apprenticeship and is interpreted as 
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the individual expression of the conflict between per¬ 
sonal interest in work and workmanship and the 
■demands of the machine to deny ail personal interests. 

Walter 0. Jahereiss 



The Gifted Child Grows Up. Twenty-Five Years'^ 
Follow-Up of a Superior Group. Genetic Studies of 
Genius, Volume IV. 

By Lewis M. Ter man and Melita H. Oden, in associa¬ 
tion with Nancy Bayley, Helen Marshall, Quinn Mc- 
Nemar, Ellen B, Sullivan. Stanford University Press, 
Stanford; Geoffrey Cumherlege, Oxford University 
Press, London. $6.00. xiv + 448 pp. 1947. 

A follow-up study by Terman of his original California 
group of gifted children in 1940 and 1945 has resulted 
in this the fourth volume in the now famous Genetic 
Studies of Genius. With this report we are brought up 
to date regarding the lives and achievements of more 
than a thousand people of superior intelligence who 
were selected as children by Terman 25 years ago for a 
comprehensive lifetime study. We find them now as 
adults about 35 years old, taking their places in their 
home communities, and with their adult careers well 
under way. The most general significant finding of the 
report is the group^s continued superiority to the gen¬ 
eral population in virtually all phases of life activity. 

The book has been well organized by the authors, 
who have also expertly summarized a prodigious quan¬ 
tity of data neatly and with objectivity. Interpreta¬ 
tion has been held to a minimum, the authors preferring 
to have the facts, of which they provide a storehouse, 
speak for themselves. 

This gigantic undertaking—a methodical, longitudi¬ 
nal study of genius—^is now in its half-way period, 
plans having been made to continue it for another 25 
years. It is remarkable to realize that almost all we 
reliably know and xmderstand regarding children of 
superior intellectual endowment is directly or indirectly 
the result of Terman^s pioneer work, of which this book 
is another in progress report. Terman has provided 
the background necessary for the development and 
implementation of the education and guidance of chil¬ 
dren of superior intelligence so as to prepare them 
better to shoulder the disproportionate responsibilities 
that fall on them—the responsibilities of self-fulfillment 
and community leadership. 

Joseph C. Frankun 



The Psychoanalytic Stody of the Child. Volume 
III/IV. 

Edited hy Phyllis Greenacre, Seim Hartmann, Edith 
B. Jackson, Ernst Kris, Lawrence S. Kuhie, Bertram 
D, Lewin, Marian C. Putnam, Rudolph M. Loewen- 


stein, Anna Freud Willie Hoffer and Edward Glover. 

International Universities Press, New York. $10.00. 
493pp.;m. 1949. 

This volume continues the series begun several years 
ago in w’-hich current papers that deal with psycho¬ 
analytic concepts related to children and their develop¬ 
ment are brought together. As in the preceding vol¬ 
umes (Q.R.B., 23: 91, 1948), the papers are excellent, 
informative, and stimulating. 

The collection covers a wide range, the papers being 
grouped under several headings. The first part is de¬ 
voted to theoretical considerations. There are 3 pa¬ 
pers on the development of aggression in this section. 
One, by Anna Freud, and entitled Aggression in Rela¬ 
tion to Emotional Development; Normal and Patho¬ 
logical, is particularly interesting. 

In the second section of the book are grouped the 
papers failing under Clinical Problems. This is by far 
the most dramatic part of the volume. Here many of 
the really first rate cMld analysts have given reports of 
their cases. To any reader oriented in the field of 
psychoanalysis, these are engrossing. Berta Born- 
stein reports in unusual detail The Analysis of a Phobic 
Child—Some Problems of Theory and Technique in 
Child Analysis. It covers the high points of a 3-year 
analysis of a 5 J year old boy with a severe school phobia. 
The child is a remarkable case and serves to illustrate 
the author’s observations of the theoretical and tech¬ 
nical implications involved. Editha Sterba, in her 
paper Analysis of Psychogenic Constipation in a Two- 
Year Old, is equally fascinating. Elisabeth R. Geleerd, 
Bruno Bettelheim, and Melita Sperling and others have 
also contributed papers to this section. 

Part III is on psychoanalytic guidance work. Part 

IV is devoted to Problems of Group Psychology. Part 

V is a survey of the literature on psychogenic feeding 
problems; and Part VI is an historical report by Ber¬ 
tram D. Lewin on Child Psychiatry in the 1830’s. 

Once again, the reviewer is impressed by the continu¬ 
ity of thought and even of style which prevails through¬ 
out this yearbook. It is apparent that though the 
authors are widely separated geographically, they are 
intellectually united. This does not mean to imply 
sameness or repetitiousness. The authors are strong 
individuals, wdth new ideas to present, but they are 
working within the framework of traditional Freudian 
thought and that is the unifying factor. 

Helen Arthur 



HUMAN' BIOLOGY 

Sooety, Culture, and Personality: Their Struc¬ 
ture AND Dynamics. A System of General Sociology. 
Harper^s Social Sdence Series. 

By Pitirim A, Sorokin. Harper & Bros., Nm York 
and London. $5,00. xiv -f 742 pp. 1947. 
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In this patently monumental work, Sorokin “attempts 
to present a system of sociology as a generalizing science 
of sociocultural phenomena possessing its own set of 
referential principles, its own meaningful-causal method 
... Little concerned with physical, biological, and other 
^piesocioiogicar problems,he has confined himself to 
a study of “sociocultural phenomena in their structural 
and dynamic aspects/^ The author's method is schol¬ 
arly, empirical, and rational and, while drawing on the 
experimental data of science, is frankly tentative, for 
he reminds us that in this area attempts at “absolute 
exactness” result “ordinarily in misleading preciseness 
acquired at the expense of approximate validity,” 
Sorokin's systemization of sociocultural phenomena 
is based on the interaction of two or more persons in¬ 
volving (a) society (organizations and groups of indi¬ 


viduals), (b) culture (including goals, values, communi¬ 
cations, norms, etc. and the agencies w^hich “express 
and objectify” them), and (c) the personalities of the 
members “which are molded in their psycho-social, 
and also in part their biological, properties by the cul¬ 
ture in which they are raised.” 

According to Soroldn, these components are insepa¬ 
rable and indivisible in his superorganic world. This 
interaction of the three basic items is lengthily and 
closely argued in a style considerably difficult to read. 
Those who are motivated to bring the social chaos and 
crises of our times into manageable dimensions in their 
thinking will find Sorokin’s orientation provocative and 
rewarding. 

Joseph C. Franklin 
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